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1.1 D°¤¶®¦¯µ Aª® ¢¯¥ S¤°±¦
T©ª´ ¥°¤¶®¦¯µ ¢ª®´ µ° ±³°·ª¥¦ ¤­¦¢³, ±³¢¤µª¤¢­, ±¢¯-¥°®¢ª¯ ¨¶ª¥¢¯¤¦ °¯ µ©¦ ´¢§¦µº ¢´´¶³¢¯¤¦ °§
A¶µ°¯°®°¶´ Sº´µ¦®´ (ASI. I¯ ±¢³µª¤¶­¢³:
• T©¦ ¥°¤¶®¦¯µ ª´ ª¯µ¦¯¥¦¥ µ° £¦ °§ ¶´¦ µ° ¢ ¸ª¥¦ ³¦¢¥¦³´©ª±, ª¯¤­¶¥ª¯¨: ¥¦·¦­°±¦³´ °§ ¢¶µ°¯°®°¶´
´º´µ¦®´; A³µªfi¤ª¢­ I¯µ¦­­ª¨¦¯¤¦ (AII ¢¯¥ M¢¤©ª¯¦ L¦¢³¯ª¯¨ (MLI ±³¢¤µªµª°¯¦³´; ´¢§¦µº ¦¯¨ª¯¦¦³´;
³¦¨¶­¢µ°³º ¢¶µ©°³ªµª¦´; ¢¯¥ ®¢¯¢¨¦³´ (¢µ ¢ ³¢¯¨¦ °§ ­¦·¦­´I.
• T©¦³¦ ª´ ¢ ¥¦­ª£¦³¢µ¦ §°¤¶´ °¯ ¢´±¦¤µ´ ¥ª³¦¤µ­º ³¦­¢µ¦¥ µ° ¢¶µ°¯°®º, ¢¯¥ ¦¯¢£­ª¯¨ µ¦¤©¯°­°¨ª¦´ ´¶¤©
¢´ AI ¢¯¥ML, ³¢µ©¦³ µ©¢¯®°³¦ ¨¦¯¦³¢­ ´¢§¦µº ¦¯¨ª¯¦¦³ª¯¨ °³ ´º´µ¦® ¦¯¨ª¯¦¦³ª¯¨, ¸©¦³¦ ªµ ª´ ¢´´¶®¦¥
µ©¢µ ³¦­¦·¢¯µ ¨¦¯¦³¢­ ´µ¢¯¥¢³¥´, ¨¶ª¥¦­ª¯¦´ ¢¯¥ £¦´µ ±³¢¤µª¤¦ ¸ª­­ £¦ ¢±±­ª¦¥. T©¦ ª¯µ¦¯µ ª´ µ° ¢·°ª¥
¥¶±­ª¤¢µª¯¨ ¦¹ª´µª¯¨ ¨¶ª¥¢¯¤¦ ³¦­¢µª¯¨ µ° µ©¦´¦ ¨¦¯¦³¢­ µ°±ª¤´.
• T©¦³¦ ª´ ¢ ¥¦­ª£¦³¢µ¦ §°¤¶´ °¯ AS µ©¢µ ¶´¦ AI ¥¦·¦­°±¦¥ ¶´ª¯¨ ML. A­µ©°¶¨© ªµ ª´ ±°´´ª£­¦ µ° ¦¯·ª´¢¨¦
AS µ©¢µ ¥° ¯°µ ¶´¦ µ©¦´¦ µ¦¤©¯°­°¨ª¦´, AI ¢¯¥ ML ¢³¦ ¤°¯´ª¥¦³¦¥ µ° ³¦±³¦´¦¯µ µ©¦ ¨³¦¢µ¦´µ ¢´´¶³¢¯¤¦
¤©¢­­¦¯¨¦´; µ©¦º ¢³¦ ¢­´° ¦¹±¦¤µ¦¥ µ° £¦ ¸ª¥¦­º ¶´¦¥.
• T©¦ ¨¶ª¥¢¯¤¦ ª´ ª¯µ¦¯¥¦¥ µ° £¦ ¸ª¥¦­º ¢±±­ª¤¢£­¦. Iµ ª´ ¯°µ µª¦¥ µ° ¢¯º ´±¦¤ªfi¤ ¥¦·¦­°±®¦¯µ
¢±±³°¢¤©, ´º´µ¦® ­ª§¦¤º¤­¦ °³ ´¢§¦µº ¢³¨¶®¦¯µ ´µ³¶¤µ¶³¦. T° ¢¤©ª¦·¦ µ©ª´ ¸ª¥¦ ¢±±­ª¤¢£ª­ªµº, µ¦³®´
­ª¬¦ “¢±±³°±³ª¢µ¦” ¢¯¥ “´¶ªµ¢£­¦” ¢³¦ °¤¤¢´ª°¯¢­­º ¶´¦¥. I¯ ´¶¤© ¤¢´¦´, ¶´¦³´ °§ µ©ª´ ¥°¤¶®¦¯µ ¸°¶­¥
£¦ ¦¹±¦¤µ¦¥ µ° ¥¦´¤³ª£¦, ¢¯¥ «¶´µª§º, ©°¸ µ©¦´¦ µ¦³®´ ©¢·¦ £¦¦¯ ª¯µ¦³±³¦µ¦¥ ª¯ µ©¦ª³ ´±¦¤ªfi¤ ¤°¯µ¦¹µ.
• T©¦³¦ ª´ ª¯µ¦¯µª°¯¢­­º ·¦³º ­ªµµ­¦ ®¦¯µª°¯ °§ ­¦¨¢­ ¢¯¥ / °³ ³¦¨¶­¢µ°³º ³¦²¶ª³¦®¦¯µ´. Iµ ª´ ¢´´¶®¦¥ µ©¢µ
µ©¦´¦ ¸ª­­ £¦ ª¥¦¯µªfi¦¥ ¢¯¥ ¥¦®°¯´µ³¢£­º ¤°®±­ª¦¥ ¸ªµ© ¢´ ±¢³µ °§ ¯°³®¢­ ±³¢¤µª¤¦.
• I´´¶¦´ ³¦­¢µ¦¥ µ° ´µ¢ff ¤°®±¦µ¦¯¤ª¦´ ¢³¦ ¥¦­ª£¦³¢µ¦­º ¦¹¤­¶¥¦¥ §³°® ¤°¯´ª¥¦³¢µª°¯. Sª®ª­¢³­º, ª´´¶¦´
µ©¢µ ¢³¦ ®°´µ ¢±±³°±³ª¢µ¦­º ¢¥¥³¦´´¦¥ ¢µ ¢¯ °³¨¢¯ª´¢µª°¯¢­, °³ ¦¯µ¦³±³ª´¦, ­¦·¦­ ¢³¦ ¢­´° ¦¹¤­¶¥¦¥.
T©¦´¦ ¢³¦ ¦¹±¦¤µ¦¥ µ° £¦ ¤°·¦³¦¥ £º ¢¯ ¦¹ª´µª¯¨ S¢§¦µº M¢¯¢¨¦®¦¯µ Sº´µ¦® (SMSI, ¸©ª¤© ¤°¶­¥ £¦
´¶±±­¦®¦¯µ¦¥ £º µ©¦ ¤°¯´ª¥¦³¢µª°¯´ ª¯ µ©ª´ ¥°¤¶®¦¯µ.
• I´´¶¦´ ³¦­¢µ¦¥ µ° ¥°®¢ª¯-´±¦¤ªfi¤ ¤¦³µªfi¤¢µª°¯ (¦.¨., ­ª¢ª´°¯ ¸ªµ© ³¦¨¶­¢µ°³´I ¢³¦ ¥¦­ª£¦³¢µ¦­º ¦¹¤­¶¥¦¥
§³°® ¤°¯´ª¥¦³¢µª°¯. H°¸¦·¦³, µ©¦ °£«¦¤µª·¦´ ­ª´µ¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ª¯§°³® ¢¯º
¥ª´¤¶´´ª°¯´ ¸ªµ© ³¦¨¶­¢µ°³º ¢¶µ©°³ªµª¦´.
• T©ª´ ¥°¤¶®¦¯µ ®¢¬¦´ ¯° ¥ª´µª¯¤µª°¯ £¢´¦¥ °¯ ¤³ªµª¤¢­ªµº ­¦·¦­, µ©¢µ ª´, µ©¦³¦ ª´ ¯° ¦²¶ª·¢­¦¯µ °§ S¢§¦µº
I¯µ¦¨³ªµº L¦·¦­´ (SIL´I °³ D¦·¦­°±®¦¯µ A´´¶³¢¯¤¦ L¦·¦­´ (DAL´I. T©¦´¦ µº±¦´ °§ ¥ª´µª¯¤µª°¯ ®¢º £¦
ª¯¤­¶¥¦¥ ª¯ §¶µ¶³¦ ·¦³´ª°¯´ °§ µ©ª´ ¥°¤¶®¦¯µ.
1.2 F³¢®¦¸°³¬´, P³°«¦¤µª°¯´ ¢¯¥ O£«¦¤µª·¦´
T©³¦¦ §³¢®¦¸°³¬´ ©¢·¦ £¦¦¯ ¶´¦¥ µ° ¥¦·¦­°± ¢¯¥ ´µ³¶¤µ¶³¦ µ©¦ ¨¶ª¥¢¯¤¦: ¤°®±¶µ¢µª°¯; ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦; ¢¯¥ ±­¢µ§°³®.
T©¦´¦ §³¢®¦¸°³¬´ ¢³¦ ¶´¦¥ ±¶³¦­º ¢´ ¢ µ°°­ §°³ µ©¦ ´±¦¤ªfi¤ ±¶³±°´¦ °§ ª¥¦¯µª§ºª¯¨ °£«¦¤µª·¦´ µ©¢µ ¯¦¦¥ µ°
£¦ ¢¥¥³¦´´¦¥ µ° ¢¤©ª¦·¦ ¥¦®°¯´µ³¢£­º ´¢§¦ ¢¶µ°¯°®°¶´ ´º´µ¦®´. Dªff¦³¦¯µ §³¢®¦¸°³¬´ ®¢º £¦ ¢±±­ª¤¢£­¦
µ°, °³ ®°³¦ ¢±±³°±³ª¢µ¦ §°³, µ©¦ ´º´µ¦®´ µ©¢µ ¢³¦ £¦ª¯¨ ¥¦·¦­°±¦¥ £º ¶´¦³´ °§ µ©ª´ ¥°¤¶®¦¯µ. I¯ ´¶¤© ¤¢´¦´
µ©¦³¦ ª´ ¯° ¦¹±¦¤µ¢µª°¯ µ©¢µ ¶´¦³´ ´µ³¶¤µ¶³¦ µ©¦ª³ ¥¦·¦­°±®¦¯µ ¦ff°³µ´ µ° ¥ª³¦¤µ­º ¢­ª¨¯ ¸ªµ© µ©¦ §³¢®¦¸°³¬´




























T©¦ §³¢®¦¸°³¬´ ¶´¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ ¢³¦ £³ª¦flº ¥¦´¤³ª£¦¥ £¦­°¸:
• T©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ¢¥¥³¦´´¦´ ª®±­¦®¦¯µ¢µª°¯ ¢µ µ©¦ ´°§µ¸¢³¦ ¢¯¥ ¤°®±¶µ¢µª°¯¢­
©¢³¥¸¢³¦ ­¦·¦­´. Iµ §°¤¶´¦´ °¯ ®¢±±ª¯¨ ¢¯ ª¯±¶µ µ° ¢¯ °¶µ±¶µ. A¤µª·ªµª¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ­¦·¦­
µº±ª¤¢­­º ³¦­¢µ¦ µ° §¢¶­µ ±³¦·¦¯µª°¯. T©ª´ ª´ µ©¦ ­°¸¦´µ ¤°¯¤¦±µ¶¢­ ­¦·¦­ ¤°¯´ª¥¦³¦¥.
• T©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬ ¢¥¥³¦´´¦´ ©°¸ ¤°®±¶µ¢µª°¯´ ¤¢¯ £¦ ª¯µ¦¨³¢µ¦¥ ª¯µ° ¢
´º´µ¦®, °³ ±­¢µ§°³®. A¤µª·ªµª¦´ ¢µ µ©ª´ ­¦·¦­ µº±ª¤¢­­º ³¦­¢µ¦ µ° §¢¶­µ µ°­¦³¢¯¤¦.
• T©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ¢¥¥³¦´´¦´ ¸©¢µ µ©¦ fi¯¢­ ¢¶µ°¯°®°¶´ ¦¯µªµº ´©°¶­¥ ¥° ¢¯¥ ¸©¢µ ¦ff¦¤µ´
ªµ ´©°¶­¥ ©¢·¦ °¯ ªµ´ ¦¯·ª³°¯®¦¯µ. I¯ ¦´´¦¯¤¦, µ©¦ §°¤¶´ ª´ °¯ ³¦²¶ª³¦®¦¯µ´. T©ª´ ª´ µ©¦ ©ª¨©¦´µ
¤°¯¤¦±µ¶¢­ ­¦·¦­ ¤°¯´ª¥¦³¦¥.
I¯ ¨¦¯¦³¢­, ¢ ±­¢µ§°³® ®¢º ¤°¯µ¢ª¯ ®¶­µª±­¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦´, ¦¢¤© °§ ¸©ª¤© ®¢º ¤°¯µ¢ª¯ ®¶­µª±­¦
¤°®±¶µ¢µª°¯´. T©ª´ ³¦­¢µª°¯´©ª± ª´ ª­­¶´µ³¢µ¦¥ ª¯ Fª¨¶³¦ 1, ¸©¦³¦ ¥¢´©¦¥ ¨³¦º ­ª¯¦´ ³¦±³¦´¦¯µ °±µª°¯¢­ ªµ¦®´.
 Platform 
 Autonomy Architecture 
Computation 
 Autonomy Architecture 
Computation 
Fª¨¶³¦ 1: R¦­¢µª°¯´©ª± £¦µ¸¦¦¯ F³¢®¦¸°³¬ L¦·¦­´
T¢£­¦ 1 ª¯¤­¶¥¦´ µ¸° ¦¹¢®±­¦´ µ©¢µ ª­­¶´µ³¢µ¦ µ©¦ ¥ª´µª¯¤µª°¯ £¦µ¸¦¦¯ ±­¢µ§°³®, ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ ¢¯¥
¤°®±¶µ¢µª°¯ ¸ªµ©ª¯ µ©¦ ¤°¯µ¦¹µ °§ µ©ª´ ¥°¤¶®¦¯µ.
T¢£­¦ 1: E¹¢®±­¦ P­¢µ§°³®´, A¶µ°¯°®º A³¤©ªµ¦¤µ¶³¦ C°®±°¯¦¯µ´ ¢¯¥
C°®±¶µ¢µª°¯´
Iµ¦® I­­¶´µ³¢µª°¯ O¯¦ I­­¶´µ³¢µª°¯ T¸°
E¹¢®±­¦ P­¢µ§°³® S¦­§-D³ª·ª¯¨ C¢³ M¦¥ª¤¢­ Dª¢¨¯°´ª´ A±±­ª¤¢µª°¯
E¹¢®±­¦ A¶µ°¯°®º A³¤©ªµ¦¤µ¶³¦
C°®±°¯¦¯µ´
S¦¯´°³ H¦¢­µ© C©¦¤¬´, S¢¯ªµº
C©¦¤¬´ °¯ G¦¯¦³¢µ¦¥ R°¶µ¦
I¯µ¦¨³ªµº C©¦¤¬´ °¯ S¶±±­ª¦¥
I®¢¨¦, U´ª¯¨ M¶­µª±­¦ C­¢´´ªfi¦³´
E¹¢®±­¦ C°®±¶µ¢µª°¯ R°¶µ¦ P­¢¯¯ª¯¨
I®¢¨¦ C­¢´´ªfi¤¢µª°¯ (B¦¯ª¨¯ /
M¢­ª¨¯¢¯µI
A ´¦³ª¦´ °§ ±³°«¦¤µª°¯´ ª´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¦¢¤© §³¢®¦¸°³¬. T©¦ ±³°«¦¤µª°¯´ ±³°·ª¥¦ ¥ªff¦³¦¯µ ±¦³´±¦¤µª·¦´;
µ©¦º ±³°·ª¥¦ ¥ªff¦³¦¯µ ¸¢º´ °§ ·ª¦¸ª¯¨ ¦¢¤© §³¢®¦¸°³¬, ª¯ °³¥¦³ µ° ¦­ª¤ªµ ¢´´°¤ª¢µ¦¥ °£«¦¤µª·¦´.
C°¯´¦²¶¦¯µ­º, ¸©ª­´µ ¦¢¤© ±³°«¦¤µª°¯ ¦®±©¢´ª´¦´ ¢ ±¢³µª¤¶­¢³ ¢´±¦¤µ µ©¢µ ª´ ³¦­¦·¢¯µ µ° µ©¦ §³¢®¦¸°³¬
­¦·¦­, µ©¦ ±³°«¦¤µª°¯´ ¢³¦ ¯°µ ª¯µ¦¯¥¦¥ µ° £¦ ´µ³ª¤µ­º ª¯¥¦±¦¯¥¦¯µ, ¥ª´µª¯¤µ °³ ¯°¯-°·¦³­¢±±ª¯¨. W©ª­´µ µ©¦º




























±¢³µ´, µ©¦ ±³°«¦¤µª°¯´ µ©¦®´¦­·¦´ ¢³¦ ¯°µ ª¯µ¦¯¥¦¥ µ° £¦ °§ ¢¯º ¨³¦¢µ ´ª¨¯ªfi¤¢¯¤¦ ª¯ µ©¦ª³ °¸¯ ³ª¨©µ. A´
¸¢´ µ©¦ ¤¢´¦ ¸ªµ© µ©¦ §³¢®¦¸°³¬´, µ©¦³¦ ª´ ¯° ¦¹±¦¤µ¢µª°¯ µ©¢µ ¢ ¶´¦³ °§ µ©ª´ ¥°¤¶®¦¯µ ¸ª­­ ´µ³¶¤µ¶³¦ µ©¦ª³
¥¦·¦­°±®¦¯µ ¦ff°³µ´ ¢³°¶¯¥ µ©¦ ´±¦¤ªfi¤ ±³°«¦¤µª°¯´ ¶´¦¥ ¸ªµ©ª¯ µ©ª´ ¨¶ª¥¢¯¤¦.
A ¤°­­¦¤µª°¯ °§ °£«¦¤µª·¦´ ¢³¦ ­ª´µ¦¥ ¢¨¢ª¯´µ ¦¢¤© ±³°«¦¤µª°¯. E·¦¯ µ©°¶¨© µ©¦ ±³°«¦¤µª°¯ ©¢´ £¦¦¯ ¶´¦¥
¢´ ±¢³µ °§ µ©¦ ±³°¤¦´´ °§ ¦­ª¤ªµª¯¨ °£«¦¤µª·¦´, ¢¯ °£«¦¤µª·¦’́ ´¤°±¦ ®¢º £¦ ¸ª¥¦³ µ©¢¯ ªµ´ ±¢³¦¯µ ±³°«¦¤µª°¯;
¦²¶ª·¢­¦¯µ­º, µ©¦ ±³°«¦¤µª°¯ ±³°·ª¥¦´ ¤°¯µ¦¹µ, ³¢µ©¦³ µ©¢¯ £°¶¯¥´, §°³ µ©¦ °£«¦¤µª·¦.
E¢¤© °£«¦¤µª·¦ ª´ ¢¤¤°®±¢¯ª¦¥ £º ¢ ¥ª´¤¶´´ª°¯ µ©¢µ ª­­¶´µ³¢µ¦´ ©°¸ µ©¦ °£«¦¤µª·¦ ¤°¯µ³ª£¶µ¦´ µ° AS ´¢§¦µº.
T©ª´ ª´ §°­­°¸¦¥ £º ¦¹¢®±­¦´ °§ ¢±±³°¢¤©¦´ µ©¢µ ¤°¶­¥ £¦ µ¢¬¦¯ µ° ´¢µª´§º, °³ ±¢³µª¢­­º ´¢µª´§º, µ©¦ °£«¦¤µª·¦.
T©¦´¦ ¦¹¢®±­¦´ ¢³¦ ¯°µ ª¯µ¦¯¥¦¥ µ° £¦ ±³¦´¤³ª±µª·¦; µ©¦³¦ ®¢º £¦ °µ©¦³ ¸¢º´ °§ ´¢µª´§ºª¯¨ ¢¯ °£«¦¤µª·¦.
Lª¬¦¸ª´¦, µ©¦ ¦¹¢®±­¦´ ¥° ¯°µ ¯¦¤¦´´¢³ª­º ³¦±³¦´¦¯µ ¢ ±³¦§¦³³¦¥ ¸¢º °§ ´¢µª´§ºª¯¨ ¢¯ °£«¦¤µª·¦. T©¦º ¢³¦
ª¯¤­¶¥¦¥ ´°­¦­º µ° ¥¦®°¯´µ³¢µ¦ µ©¦ §¦¢´ª£ª­ªµº °§ ´¢µª´§ºª¯¨ ¢µ ­¦¢´µ ±¢³µ °§ µ©¦ °£«¦¤µª·¦.
A´ ¸ªµ© §³¢®¦¸°³¬´ ¢¯¥ ±³°«¦¤µª°¯´, µ©¦³¦ ª´ ¯° ¦¹±¦¤µ¢µª°¯ µ©¢µ ¢ ¶´¦³ °§ µ©ª´ ¥°¤¶®¦¯µ ¸ª­­ ´­¢·ª´©­º §°­­°¸
µ©¦ ¸¢º µ©¦ °£«¦¤µª·¦´ ©¢·¦ £¦¦¯ °³¥¦³¦¥ ¢¯¥ ´µ³¶¤µ¶³¦¥ ¸ªµ©ª¯ µ©ª´ ¨¶ª¥¢¯¤¦. F°³ ¦¹¢®±­¦, ¢ ¶´¦³ ®¢º
±³¦§¦³ µ° ³¦-°³¨¢¯ª´¦ µ©¦ °£«¦¤µª·¦´ ´° µ©¢µ µ©¦º ¢³¦ ®°³¦ ¤­°´¦­º ¢­ª¨¯¦¥ ¸ªµ©, §°³ ¦¹¢®±­¦, µ©¦ª³ ¤©°´¦¯
´º´µ¦® ¢³¤©ªµ¦¤µ¶³¦, µ©¦ª³ ¥¦·¦­°±®¦¯µ ±³°¤¦´´¦´ °³ µ©¦ª³ °³¨¢¯ª´¢µª°¯¢­ ´µ³¶¤µ¶³¦´.
H°¸¦·¦³, ªµ ª´ ¦¹±¦¤µ¦¥ µ©¢µ ¶´¦³´ °§ µ©ª´ ¥°¤¶®¦¯µ ¸°¶­¥ ±³°·ª¥¦ ¦·ª¥¦¯¤¦ µ° ¥¦®°¯´µ³¢µ¦ µ©¢µ µ©¦
°£«¦¤µª·¦´ ©¢·¦ £¦¦¯ ´¢µª´fi¦¥. T©¦º ®¢º ¢­´° ±³°·ª¥¦ ¦·ª¥¦¯¤¦-£¢´¦¥, ´µ³¶¤µ¶³¦¥ ¢³¨¶®¦¯µ´ µ° «¶´µª§º
¸©º ¢ ±¢³µª¤¶­¢³ °£«¦¤µª·¦ ¯¦¦¥ ¯°µ £¦ ¤°¯´ª¥¦³¦¥ §°³ µ©¦ª³ ±¢³µª¤¶­¢³ ¢±±­ª¤¢µª°¯. Sª®ª­¢³­º, ¶´¦³´ ®¢º ¢­´°
¢³¨¶¦ ¸©º ¢ ±¢³µª¤¶­¢³ °£«¦¤µª·¦ ¯¦¦¥´ °¯­º µ° £¦ ¤°·¦³¦¥ ¢µ ¢ ´¶±¦³fi¤ª¢­ ­¦·¦­.
1.3 D°¤¶®¦¯µ Sµ¢µ¶´
T©ª´ ¥°¤¶®¦¯µ ¸¢´ ¢¶µ©°³¦¥ £º µ©¦ S¢§¦µº °§ A¶µ°¯°®°¶´ Sº´µ¦®´ W°³¬ª¯¨ G³°¶± (SASWGI, ¸©ª¤© ª´
¤°¯·¦¯¦¥ ¶¯¥¦³ µ©¦ ¢¶´±ª¤¦´ °§ µ©¦ S¢§¦µº C³ªµª¤¢­ Sº´µ¦®´ C­¶£ (SCSCI. T©¦ fi³´µ ·¦³´ª°¯ °§ µ©¦ ¥°¤¶®¦¯µ,
³¦­¦¢´¦¥ ª¯ J¢¯¶¢³º 2019, °¯­º ¤°¯´ª¥¦³¦¥ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬. T©¦ ¤¶³³¦¯µ ·¦³´ª°¯, ³¦­¦¢´¦¥
ª¯ J¢¯¶¢³º 2020, ³¦±³¦´¦¯µ´ µ©¦ fi³´µ µª®¦ µ©¢µ ¢­­ µ©³¦¦ §³¢®¦¸°³¬ ­¦·¦­´ ©¢·¦ £¦¦¯ ¢¥¥³¦´´¦¥.
T©¦ ª¥¦¯µªfi¦¥ °£«¦¤µª·¦´ (¢¯¥ ¢´´°¤ª¢µ¦¥ §³¢®¦¸°³¬´I ©¢·¦ £¦¦¯ ¥¦·¦­°±¦¥ ®¢ª¯­º §³°® ¢ µ©¦°³¦µª¤¢­
£¢´ª´. H°¸¦·¦³, ¦ff°³µ´ ©¢·¦ £¦¦¯ ®¢¥¦ µ° ¤©¦¤¬ µ©¦ª³ ·¢­ª¥ªµº. F°³ ¦¹¢®±­¦: ¸©¦³¦ ±°´´ª£­¦, µ©¦ ¢¥°±µ¦¥
§³¢®¦¸°³¬´ ©¢·¦ £¦¦¯ ¤°®±¢³¦¥ ¢¨¢ª¯´µ ±°´´ª£­¦ ¢­µ¦³¯¢µª·¦´; µ©¦ °£«¦¤µª·¦´ ©¢·¦ ¢­´° £¦¦¯ ¤°®±¢³¦¥
¢¨¢ª¯´µ ³¦­¦·¢¯µ ±¦¦³-³¦·ª¦¸¦¥ ¥°¤¶®¦¯µ´. I¯ ¢¥¥ªµª°¯, µ©ª´ ¥°¤¶®¦¯µ’́ ¤°¯µ¦¯µ´ ©¢·¦ £¦¦¯ ³¦·ª¦¸¦¥
§³°® µ©¦ ¤°¯µ¦¹µ °§ µ©¦ O³¨¢¯ª´¢µª°¯ §°³ E¤°¯°®ª¤ C°-°±¦³¢µª°¯ ¢¯¥ D¦·¦­°±®¦¯µ (OECDI P³ª¯¤ª±­¦´ °¯
AI1. T©¦´¦ ¤°­­¦¤µ¦¥ ¢¤µª·ªµª¦´ ±³°·ª¥¦ ´°®¦ ¤°¯fi¥¦¯¤¦ µ©¢µ µ©¦ °£«¦¤µª·¦´ ¢³¦ ´¶ªµ¢£­¦ §°³ µ©¦ª³ ª¯µ¦¯¥¦¥
¶´¦.
D¦´±ªµ¦ µ©°´¦ ¢¤µª·ªµª¦´, ªµ ´©°¶­¥ £¦ ¯°µ¦¥ µ©¢µ, ¢´ º¦µ, µ©¦ °£«¦¤µª·¦´ ©¢·¦ ¯°µ £¦¦¯ ´¶£«¦¤µ¦¥ µ° ±³¢¤µª¤¢­
¶´¦ ¢¤³°´´ ¢¯ ¦¯µª³¦ AS. I¯ ´©°³µ, µ©¦ °£«¦¤µª·¦´ ©¢·¦ ¯°µ £¦¦¯ “±³°·¦¯ µ©³°¶¨© ¶´¦”. Iµ ª´ ¦¹±¦¤µ¦¥ µ©¢µ
µ©¦ °£«¦¤µª·¦´ ¢¯¥, ¦´±¦¤ª¢­­º, µ©¦ ¢´´°¤ª¢µ¦¥ ¦¹¢®±­¦ ¢±±³°¢¤©¦´ ¸ª­­ ¤©¢¯¨¦ ¢´ ¦¹±¦³ª¦¯¤¦ ª´ ¨¢ª¯¦¥.
C°¯´¦²¶¦¯µ­º, §¦¦¥£¢¤¬ §³°® µ©¦ ´¢§¦µº, AS, AI ¢¯¥ ML ¤°®®¶¯ªµª¦´ ª´ ¦¯¤°¶³¢¨¦¥. T©ª´ ¤¢¯ £¦ ±³°·ª¥¦¥































T©¦ SASWG ©¢´ ¥¦­ª£¦³¢µ¦­º ¢·°ª¥¦¥ ¥¦fi¯ª¯¨ µ©¦ µ¦³® ¢¶µ°¯°®°¶´, ±³¦§¦³³ª¯¨ µ° ¸°³¬ §³°® ¦¹¢®±­¦´ ¢¯¥
¢´´¶®ª¯¨ µ©¢µ, ¨¦¯¦³¢­­º ´±¦¢¬ª¯¨, ªµ ª´ ¦¢´º µ° ª¥¦¯µª§º ¸©¦µ©¦³ ¢ ´±¦¤ªfi¤ ´º´µ¦® ª´ ¢¶µ°¯°®°¶´, ¦·¦¯
µ©°¶¨© ¢ ¨¦¯¦³¢­ ¥¦fi¯ªµª°¯ ª´ ¥ªffi¤¶­µ µ° ¢¤©ª¦·¦. T©¦ ¥¦´ª³¦ µ° ¢·°ª¥ ±³°µ³¢¤µ¦¥ ¢¯¥ ­¢³¨¦­º ¶¯ª¯§°³®¢µª·¦
¥¦£¢µ¦´ ¢£°¶µ ¥¦fi¯ªµª°¯´ ¦¹µ¦¯¥´ ¢¤³°´´ ®¶¤© °§ µ©¦ SASWG’́ ¸°³¬. N¦·¦³µ©¦­¦´´, ªµ ª´ ©¦­±§¶­ µ° ±³°·ª¥¦
°¶µ­ª¯¦ ¥¦´¤³ª±µª°¯´ §°³ ´°®¦ µ¦³®´ ¶´¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ. S±¦¤ªfi¤¢­­º:
• A ±­¢µ§°³® ¥¦­ª·¦³´ ¢¯ ¦¯¥ ¶´¦³ ¤¢±¢£ª­ªµº ¥¶³ª¯¨ ¯°³®¢­ °±¦³¢µª°¯. Iµ ª´, µº±ª¤¢­­º ´±¦¢¬ª¯¨, ¢¯
ª¯¥ª·ª¥¶¢­ ·¦©ª¤­¦ ³¢µ©¦³ µ©¢¯, §°³ ¦¹¢®±­¦, ¢ ´¸¢³® °§ ¤°°±¦³¢µª¯¨ ·¦©ª¤­¦´ °³ µ©¦ ¤°¯µ³°­ ­°¨ª¤ §°³
·¦©ª¤­¦ ¯¢·ª¨¢µª°¯. T©¦ ´¢®¦ ¨¦¯¦³¢­ ­¦·¦­ ¢±±­ª¦´ µ° ¢¶µ°¯°®°¶´ ´º´µ¦®´ µ©¢µ ¢³¦ ¯°µ ·¦©ª¤­¦-£¢´¦¥:
§°³ ¦¹¢®±­¦, ¢ ±­¢µ§°³® µ° ´¶±±°³µ ®¦¥ª¤¢­ ¥ª¢¨¯°´ª´ ®¢º ª¯¤­¶¥¦ ±¢µª¦¯µ ³¦¤°³¥´, ¢ ´¤¢¯¯¦³ ¢¯¥
¤°®®¶¯ª¤¢µª°¯ ¯¦µ¸°³¬´, ¢´ ¸¦­­ ¢´ ¢¯ ¢¶µ°¯°®°¶´ ¥¦¤ª´ª°¯-®¢¬ª¯¨ ¢­¨°³ªµ©®. A ¬¦º ¤°¯¤¦±µ ª´
µ©¢µ µ©¦ ±­¢µ§°³® ¤¢¯, ¢¯¥ ¨¦¯¦³¢­­º ¸°¶­¥, ª¯¤­¶¥¦ ¦­¦®¦¯µ´ µ©¢µ ¢³¦ ¥¦·¦­°±¦¥ ¶´ª¯¨ µ³¢¥ªµª°¯¢­
¢±±³°¢¤©¦´.
• A¯ ¢¶µ°¯°®°¶´ ´º´µ¦® ¤¢¯ £¦ ·ª¦¸¦¥ §³°® ®¶­µª±­¦ ­¦·¦­´ °§ ¢£´µ³¢¤µª°¯. F°³ ¦¹¢®±­¦, ªµ ¤°¶­¥
£¦ ·ª¦¸¦¥ ¢´ ¢ ±­¢µ§°³® (¦.¨., ¢ ´¦­§-¥³ª·ª¯¨ ¤¢³I °³ ¢´ ¢ ¤°®±¶µ¢µª°¯ ¸ªµ© ¢¯ ¢´´°¤ª¢µ¦¥ ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦ (¦.¨., ¢ ¤°®±°¯¦¯µ µ©¢µ ±³°·ª¥¦´ µ©¦ ­°¤¢µª°¯´ °§ ±¦¥¦´µ³ª¢¯´ ª¯ ¢¯ ª®¢¨¦I. D¦±¦¯¥ª¯¨
°¯ µ©¦ ¥°®¢ª¯, ¦ªµ©¦³ ¶´¦ ®¢º £¦ ¤°®®°¯. T©ª´ ª´ ¸©º, ¸ªµ©ª¯ µ©ª´ ¥°¤¶®¦¯µ, µ©¦ ©ª¨©¦´µ-­¦·¦­
§³¢®¦¸°³¬ ª´ µªµ­¦¥ “±­¢µ§°³®” ³¢µ©¦³ µ©¢¯ “´º´µ¦®”. N¦·¦³µ©¦­¦´´, ª¯ ®¢¯º ¤¢´¦´ µ©¦ µ¦³®´ “±­¢µ§°³®”
¢¯¥ “´º´µ¦®”®¢º £¦ ·ª¦¸¦¥ ¢´ ª¯µ¦³¤©¢¯¨¦¢£­¦.
• A¯ ¢­¨°³ªµ©® ª´ ¢ ¸¦­­-¥¦fi¯¦¥ ±³°¤¦¥¶³¦ µ©¢µ ª®±­¦®¦¯µ´, ±°´´ª£­º ª¯¥ª³¦¤µ­º, ¢´±¦¤µ´ °§ ¢ ´º´µ¦®’́
£¦©¢·ª°¶³. F°³ µ©¦ ±¶³±°´¦´ °§ µ©ª´ ¥°¤¶®¦¯µ, ¨¦¯¦³¢­­º ´±¦¢¬ª¯¨, ¢¯ ¢­¨°³ªµ©® §°³ ¢¶µ°¯°®°¶´
¢´±¦¤µ´ ¸°¶­¥ £¦ ¢ ´ª¯¨­¦ ª®±­¦®¦¯µ¢µª°¯ ¥¦·¦­°±¦¥ ¶´ª¯¨ ¢¯ ML µ¦¤©¯ª²¶¦, §°³ ¦¹¢®±­¦: ¢ N¦¶³¢­
N¦µ¸°³¬ (NNI; ¢ S¶±±°³µ V¦¤µ°³ M¢¤©ª¯¦ (SVMI; °³ ¢ ³¢¯¥°® §°³¦´µ. A ±­¢µ§°³® ®¢º ª¯¤­¶¥¦ ®¶­µª±­¦
¢­¨°³ªµ©®´.
• A ¤°®±¶µ¢µª°¯ ª´ µ©¦ ±©º´ª¤¢­ ¦®£°¥ª®¦¯µ °§ ¢¯ ¢­¨°³ªµ©®. I¯ ´°®¦ ¤°¯µ¦¹µ´, µ©¦ ¸°³¥´ ¢³¦ ­¢³¨¦­º
ª¯µ¦³¤©¢¯¨¦¢£­¦. A ¬¦º ¥ª´µª¯¤µª°¯ ª´ µ©¢µ ¤°®±¶µ¢µª°¯ ª¯¤­¶¥¦´ ¤°¯´ª¥¦³¢µª°¯´ ³¦­¢µ¦¥ µ° ´¶±±°³µª¯¨
´°§µ¸¢³¦ ¢¯¥ µ° ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦; ¯¦ªµ©¦³ °§ µ©¦´¦ ª´ ª¯¤­¶¥¦¥ ¸ªµ©ª¯ “¢­¨°³ªµ©®”.
• A ±­¢µ§°³®, °³ ¢­¨°³ªµ©®, ª´ ª¯ °±¦³¢µª°¯¢­ ¶´¦ ¸©¦¯ ªµ ª´ £¦ª¯¨ ¶´¦¥ §°³ ªµ´ ª¯µ¦¯¥¦¥ ±¶³±°´¦; µ©¢µ
ª´, ¸©¦¯ ªµ´ °¶µ±¶µ´ ©¢·¦ ³¦¢­-¸°³­¥ ¤°¯´¦²¶¦¯¤¦´. N°µ¦ µ©¢µ ªµ ª´ ±°´´ª£­¦ §°³ ­¦¢³¯ª¯¨ µ° ¤°¯µª¯¶¦
¸©ª­´µ ¢ ±­¢µ§°³®, °³ ¢­¨°³ªµ©®, ª´ ª¯ °±¦³¢µª°¯¢­ ¶´¦.
• A ¥¢µ¢ ´¦µ ª´ ¶´¦¥ µ° µ³¢ª¯, µ¦´µ ¢¯¥ ·¦³ª§º ¢¯ ¢­¨°³ªµ©® ¶´ª¯¨ ML µ¦¤©¯ª²¶¦´. T©¦ ±¢³µ °§ µ©¦ ¥¢µ¢
´¦µ ¶´¦¥ µ° ¥¦·¦­°± µ©¦ ¢­¨°³ªµ©® ª´ ³¦§¦³³¦¥ µ° ¢´ µ³¢ª¯ª¯¨ ¥¢µ¢; µ©¦ ±¢³µ ¶´¦¥ §°³ µ¦´µª¯¨ ª´ µ¦´µ ¥¢µ¢.
B°µ© µ³¢ª¯ª¯¨ ¥¢µ¢ ¢¯¥ µ¦´µ ¥¢µ¢ ¢³¦ ¶´¦¥ £º µ©¦ ¥¦·¦­°±®¦¯µ µ¦¢®. A ´¦±¢³¢µ¦, ±°´´ª£­º °·¦³­¢±±ª¯¨,
¥¢µ¢ ´¦µ, µ¦³®¦¥ ·¦³ªfi¤¢µª°¯ ¥¢µ¢ ®¢º £¦ ¶´¦¥ §°³ ¢´´¶³¢¯¤¦, ª¯¥¦±¦¯¥¦¯µ °§ µ©¢µ µ¦¢®. N°µ¦ µ©¢µ
µ©¦´¦ ¥¦fi¯ªµª°¯´ ¢±±­º ¸©¦¯ µ©¦ ¥¢µ¢ ª´ ¶´¦¥ ¢´ ±¢³µ °§ ¢ ±³¦-¥¦±­°º®¦¯µ µ³¢ª¯ª¯¨ ¢¯¥ ¥¦·¦­°±®¦¯µ
±©¢´¦, ¢´ ¸¦­­ ¢´ ¸©¦¯ µ©¦³¦ ª´ ¤°¯µª¯¶¢­ ­¦¢³¯ª¯¨.
• T©¦ ¥¢µ¢ ´¦µ ª´ ®¢¥¦ ¶± °§ ¢ ¯¶®£¦³ °§ ´¢®±­¦´ (¦.¨., ª®¢¨¦´ §³°® ¢ ¤¢®¦³¢I. E¢¤© ´¢®±­¦ ¤°®±³ª´¦´
¢ ¯¶®£¦³ °§ §¦¢µ¶³¦´ (¦.¨., µ©¦ ¤°­°¶³ °§ ¢ ¨ª·¦¯ ±ª¹¦­ ª¯ µ©¢µ ´¤¦¯¦I. T©¦ ¤°­­¦¤µª°¯ °§ §¦¢µ¶³¦´ ¥¦fi¯¦´
µ©¦ ª¯±¶µ ¥°®¢ª¯. D¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦ µ©¦ ¢­¨°³ªµ©® ª´ ±³°·ª¥¦¥ ¸ªµ© ª¯±¶µ´.
• P³°·ª¥ª¯¨ ¢ ¤°®±¶µ¢µª°¯ ¸ªµ© ¢¯ ª¯±¶µ (°³, ¥¶³ª¯¨ ¥¦·¦­°±®¦¯µ, ¢ ´¢®±­¦I ³¦´¶­µ´ ª¯ ¢¯ °¶µ±¶µ. T©ª´
¥¦´¤³ª±µª°¯ ª¯¤­¶¥¦´ ¤¢´¦´ ¸©¦³¦ ®¶­µª±­¦ ´¢®±­¦´ ¢´ ¶´¦¥ (¦.¨., ´µ³¦¢®ª¯¨ ¥¢µ¢I ¢¯¥ ¤¢´¦´ ¸©¦³¦




























T©¦ ³¦®¢ª¯¥¦³ °§ µ©ª´ ¥°¤¶®¦¯µ ª´ ´µ³¶¤µ¶³¦¥ ¢´ §°­­°¸´:
• S¦¤µª°¯ 2 ¥¦´¤³ª£¦´ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬.
• S¦¤µª°¯ 3 ¥ª´¤¶´´¦´ ¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´.
• S¦¤µª°¯ 4 ¥¦´¤³ª£¦´ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬.
• S¦¤µª°¯ 5 ¥ª´¤¶´´¦´ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ °£«¦¤µª·¦´.
• S¦¤µª°¯ 6 ¥¦´¤³ª£¦´ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬.
• S¦¤µª°¯ 7 ¥ª´¤¶´´¦´ ±­¢µ§°³®-­¦·¦­ °£«¦¤µª·¦´.
• S¦¤µª°¯ 8 ¤°¯µ¢ª¯´ ¢ ´¶®®¢³º ­ª´µ °§ °£«¦¤µª·¦´.
• A±±¦¯¥ª¹ A ±³°·ª¥¦´ «¶´µªfi¤¢µª°¯ §°³ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬.
• A±±¦¯¥ª¹ B ±³°·ª¥¦´ ¢¥¥ªµª°¯¢­ «¶´µªfi¤¢µª°¯ (£¦º°¯¥ µ©¢µ ¸©ª¤© ª´ ª¯¤­¶¥¦¥ ª¯ S¦¤µª°¯ 3I §°³ µ©¦
¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´.
• A±±¦¯¥ª¹ C ±³°·ª¥¦´ «¶´µªfi¤¢µª°¯ §°³ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬.
• A±±¦¯¥ª¹ D ±³°·ª¥¦´ ¢ µ°±-­¦·¦­ ®¢±±ª¯¨ £¦µ¸¦¦¯ µ©¦ ¢³¨¶®¦¯µ ´µ³¶¤µ¶³¦ ª¯ µ©¦ A´´¶³ª¯¨ A¶µ°¯°®º
I¯µ¦³¯¢µª°¯¢­ P³°¨³¢®®¦ (AAIPI B°¥º O§ K¯°¸­¦¥¨¦ (BOKI ¢¯¥ µ©¦ °£«¦¤µª·¦´ ­ª´µ¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ.
T©ª´ ±³°·ª¥¦´ ¢¥¥ªµª°¯¢­ «¶´µªfi¤¢µª°¯ §°³ ¢­­ µ©³¦¦ §³¢®¦¸°³¬´ ¢¥°±µ¦¥ £º µ©¦ SASWG.
• A±±¦¯¥ª¹ E ±³°·ª¥¦´ ¢ µ°±-­¦·¦­ ®¢±±ª¯¨ £¦µ¸¦¦¯ µ©¦ ¬¦º ´¦¤µª°¯ ©¦¢¥ª¯¨´ ª¯ UL4600, “T©¦ Sµ¢¯¥¢³¥
§°³ S¢§¦µº §°³ µ©¦ E·¢­¶¢µª°¯ °§ A¶µ°¯°®°¶´ P³°¥¶¤µ´”, ¢¯¥ µ©¦ ¤°¯µ¦¯µ´ °§ µ©ª´ ¥°¤¶®¦¯µ (¦ªµ©¦³
°£«¦¤µª·¦´ °³ ±³°«¦¤µª°¯´I. A´ ¸ªµ© µ©¦ ±³¦·ª°¶´ ¢±±¦¯¥ª¹, µ©ª´ ±³°·ª¥¦´ ¢¥¥ªµª°¯¢­ «¶´µªfi¤¢µª°¯ §°³ µ©ª´
¥°¤¶®¦¯µ’́ ¤°¯µ¦¯µ´.
• A±±¦¯¥ª¹ F ±³°·ª¥¦´ ¢¯ ª­­¶´µ³¢µª°¯ °§ ©°¸ µ©ª´ ¥°¤¶®¦¯µ’́ °£«¦¤µª·¦´ ´¶±±°³µ µ©¦ OECD P³ª¯¤ª±­¦´
°¯ AI.
• A±±¦¯¥ª¹ G ±³°·ª¥¦´ ¢ ­ª´µ °§ ¬¯°¸¯ ª´´¶¦´, ¸©ª¤© ¸ª­­ £¦ ³¦´°­·¦¥ ª¯ §¶µ¶³¦ ·¦³´ª°¯´.
• A±±¦¯¥ª¹ H ±³°·ª¥¦´ ¢ ­ª´µ °§ ¢££³¦·ª¢µª°¯´.
• A±±¦¯¥ª¹ I ±³°·ª¥¦´ ¢ ­ª´µ °§ ³¦§¦³¦¯¤¦´.








































2 C°®±¶µ¢µª°¯-L¦·¦­ F³¢®¦¸°³¬: D¦´¤³ª±µª°¯
T©ª´ ´¦¤µª°¯ ¥¦´¤³ª£¦´ µ©¦ §³¢®¦¸°³¬ ¢¥°±µ¦¥ £º µ©¦ SASWG §°³ ¤°®±¶µ¢µª°¯-­¦·¦­ ¤°¯´ª¥¦³¢µª°¯´, ¸©ª¤©
ª´ £¢´¦¥ °¯ µ©¦ °¯¦ ±³¦´¦¯µ¦¥ £º F¢³ª¢ ª¯ {30}. T©¦ «¶´µªfi¤¢µª°¯ §°³ ¢¥°±µª¯¨ µ©ª´ §³¢®¦¸°³¬ ª´ ±³°·ª¥¦¥ ª¯
A±±¦¯¥ª¹ A.
T©¦ §³¢®¦¸°³¬ ¤°¯´ª´µ´ °§ fi·¦ ±³°«¦¤µª°¯´, ¦¢¤© °§ ¸©ª¤© ·ª¦¸´ µ©¦ ¤°®±¶µ¢µª°¯’́ ±³°±¦³µª¦´ ¢­°¯¨ ¢
¥ªff¦³¦¯µ ¢¹ª´. T©¦ ±³°«¦¤µª°¯´ ¢³¦ ¯°µ ª¯µ¦¯¥¦¥ µ° £¦ ´µ³ª¤µ­º ª¯¥¦±¦¯¥¦¯µ: µ©¦º ±³°·ª¥¦ ¥ªff¦³¦¯µ ¸¢º´
°§ ·ª¦¸ª¯¨ µ©¦ ¤°®±¶µ¢µª°¯, ª¯ °³¥¦³ µ° ¦­ª¤ªµ ¢´´°¤ª¢µ¦¥ °£«¦¤µª·¦´. T° §¢¤ª­ªµ¢µ¦ ¥ª´¤¶´´ª°¯, µ©¦ ±³°«¦¤µª°¯´
©¢·¦ £¦¦¯ ¢³³¢¯¨¦¥ ª¯ ¢¯ ¢±±³°¹ª®¢µ¦ ©ª¦³¢³¤©ª¤¢­ °³¥¦³, ¸°³¬ª¯¨ §³°® ®°³¦ ¢£´µ³¢¤µ µ° ®°³¦ ¤°¯¤³¦µ¦
¤°¯´ª¥¦³¢µª°¯´, ´±¦¤ªfi¤¢­­º: ¦¹±¦³ª¦¯¤¦; µ¢´¬; ¢­¨°³ªµ©®; ´°§µ¸¢³¦; ©¢³¥¸¢³¦. E¢¤© °§ µ©¦´¦ ±³°«¦¤µª°¯´ ª´




T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ µ©¦ ¥¢µ¢ ´¦µ ¶´¦¥ µ° µ³¢ª¯ ¢¯¥ ¥¦·¦­°± µ©¦ ¢­¨°³ªµ©®. W©¦¯ ³¦­¦·¢¯µ, µ©ª´ ¢­´°
ª¯¤­¶¥¦´ µ³¢ª¯ª¯¨ µ©¢µ ¤°¯µª¯¶¦´ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦, £¢´¦¥ °¯ µ©¦ ¥¢µ¢ ´¦µ ±³°·ª¥¦¥ £º µ©¦ ´º´µ¦®’́
¦¹±¦³ª¦¯¤¦´.
Iµ ª¯¤­¶¥¦´ ¤°¯´ª¥¦³¢µª°¯ °§ ©°¸ µ©¦ ¥¢µ¢ ¸¢´ ¨¦¯¦³¢µ¦¥, °³ ¤°­­¦¤µ¦¥, ¢´ ¸¦­­ ¢´ µ©¦ ¶´¦ °§ ±³¦-¦¹ª´µª¯¨ ¥¢µ¢
´¦µ´ ¢¯¥ µ©¦ ¯¢µ¶³¦ °§ ¢¯º ±³¦±³°¤¦´´ª¯¨ ¢¤µª·ªµª¦´ (¦.¨., µ° ´º¯µ©¦´ª´¦ ®ª´´ª¯¨ ·¢­¶¦´I. Iµ ¢­´° ¦¯¤°®±¢´´¦´
¸©¦µ©¦³ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ ª´ ´¶ªµ¢£­º ³¦±³¦´¦¯µ¢µª·¦ °§ ¥¢µ¢ µ©¢µ ª´ °£´¦³·¦¥ (°³ ¦¹±¦¤µ¦¥ µ° £¦ °£´¦³·¦¥I
¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦; µ©ª´ ª¯¤­¶¥¦´ ¤°¯´ª¥¦³¢µª°¯ °§ µ©¦ ¦¯·ª³°¯®¦¯µ(´I ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢.
T©¦ µº±¦ °§ ¤°¯fi¨¶³¢µª°¯ ®¢¯¢¨¦®¦¯µ ¢±±­ª¦¥ µ° µ©¦ ¥¢µ¢ ª´ ¢­´° ³¦­¦·¢¯µ ¸ªµ©ª¯ µ©ª´ ±³°«¦¤µª°¯.
2.1.2 T¢´¬
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ µ©¦ ±¦³§°³®¢¯¤¦ °§ µ©¦ ¤°®±¶µ¢µª°¯. A´ ´¶¤©, ªµ ª´ ®¢ª¯­º ¤°¯¤¦³¯¦¥ ¸ªµ©
³¦²¶ª³¦®¦¯µ´, µ©¢µ ª´, ¸©¢µ µ©¦ ´º´µ¦® ³¦²¶ª³¦´ §³°® µ©¦ ¢­¨°³ªµ©®.
Iµ ª¯¤­¶¥¦´ µ©¦ ®¦µ³ª¤´ µ©¢µ ¢³¦ ¶´¦¥ µ° ®¦¢´¶³¦ ±¦³§°³®¢¯¤¦, ¢´ ¸¦­­ ¢´ µ©¦ ±¦³§°³®¢¯¤¦ µ©³¦´©°­¥
³¦²¶ª³¦¥ µ° ¢­­°¸ µ©¦ ¢­¨°³ªµ©® µ° £¦ ¶´¦¥ ´¢§¦­º ¸ªµ©ª¯ ¢ ´º´µ¦® (¸©ª¤© ®¢º ¥¦±¦¯¥ °¯ µ©¦ ª¯µ¦¯¥¦¥
°±¦³¢µª¯¨ ¦¯·ª³°¯®¦¯µI. Iµ¦®´ µº±ª¤¢­­º ¶´¦¥ µ° ®¦¢´¶³¦ µ©¦ ±¦³§°³®¢¯¤¦ °§ ML-£¢´¦¥ ¤°®±¶µ¢µª°¯´, ­ª¬¦
¢¤¤¶³¢¤º, ±³¦¤ª´ª°¯ ¢¯¥ ³¦¤¢­­ ¢³¦ ³¦­¦·¢¯µ ©¦³¦ ¢­µ©°¶¨©, £º µ©¦®´¦­·¦´, µ©¦º ®¢º ¯°µ £¦ ´¶ffi¤ª¦¯µ. T©¦³¦
®¢º, §°³ ¦¹¢®±­¦, £¦ ¢ ¯¦¦¥ µ° ±³°·ª¥¦ ¤°¯fi¥¦¯¤¦ ª¯ ¢¯ ¢­¨°³ªµ©®’́ °¶µ±¶µ. A¥¥ªµª°¯¢­­º, µ©¦³¦ ®¢º £¦ ¢
¯¦¦¥ µ° ¥¦®°¯´µ³¢µ¦ ´°®¦ ¯°¯-§¶¯¤µª°¯¢­ ¤©¢³¢¤µ¦³ª´µª¤´ (¦.¨., ¢¯ °¶µ±¶µ ¸ª­­ ¢­¸¢º´ £¦ ±³°·ª¥¦¥ ¸ªµ©ª¯ ¢
¨ª·¦¯ µª®¦I.
2.1.3 A­¨°³ªµ©®
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ µ©¦ ¤©°ª¤¦ °§ ¢­¨°³ªµ©®, §°³ ¦¹¢®±­¦, ¸©¦µ©¦³ ¢¯ NN, ¢ SVM, ¢ ³¢¯¥°® §°³¦´µ,
°³ ´°®¦ °µ©¦³ ¢±±³°¢¤© ª´ ¶´¦¥. A´ ´¶¤©, ªµ ª´ ®¢ª¯­º ¤°¯¤¦³¯¦¥ ¸ªµ© ±³°·ª¥ª¯¨ «¶´µªfi¤¢µª°¯ §°³ ¥¦¤ª´ª°¯´
³¦­¢µª¯¨ µ° µ©¦ ¤©°´¦¯ ª®±­¦®¦¯µ¢µª°¯.
















































°§, ¢¯¥ ¢¤µª·¢µª°¯ §¶¯¤µª°¯ ¶´¦¥ ¸ªµ©ª¯, ¢ NN, °³ µ©¦ ¯¶®£¦³ °§ µ³¦¦´ ª¯ ¢ ³¢¯¥°® §°³¦´µ. Iµ ¢­´° ª¯¤­¶¥¦´
¥¦¤ª´ª°¯´ ³¦­¢µ¦¥ µ° µ©¦ µ³¢ª¯ª¯¨ ±³°¤¦´´: §°³ ¦¹¢®±­¦, µ©¦ ¯¶®£¦³ °§ µ³¢ª¯ª¯¨ ¦±°¤©´ µ©¢µ ¢³¦ ¶´¦¥, °³ µ©¦
´µ°±±ª¯¨ ¤°¯¥ªµª°¯ µ©¢µ ª´ ª®±­¦®¦¯µ¦¥.
2.1.4 S°§µ¸¢³¦
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ µ©¦ ´°§µ¸¢³¦ ª¯´µ¢¯µª¢µª°¯ °§ µ©¦ ¢­¨°³ªµ©®; µ©¢µ ª´, µ©¦ µ³¢¯´­¢µª°¯ °§ ¢ ¥¦´ª¨¯,
®¢µ©¦®¢µª¤´ °³ ±´¦¶¥°-¤°¥¦ ª¯µ° ¢ §°³® µ©¢µ ¤¢¯ £¦ ¥ª³¦¤µ­º ¦¹¦¤¶µ¦¥ °¯ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦. M°³¦
´±¦¤ªfi¤¢­­º, µ©ª´ ±³°«¦¤µª°¯ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ¸©¦µ©¦³ µ©¦ ª®±­¦®¦¯µ¢µª°¯ ª´ ¢ ·¢­ª¥ ³¦±³¦´¦¯µ¢µª°¯ °§ µ©¦
¢­¨°³ªµ©®.
T©¦ ±³°«¦¤µª°¯ ª¯¤­¶¥¦´ µ©¦ ¤©°ª¤¦ °§ ±³°¨³¢®®ª¯¨ ­¢¯¨¶¢¨¦. Iµ ¢­´° ª¯¤­¶¥¦´ µ©¦ ¤©°ª¤¦ °§ ´°§µ¸¢³¦
­ª£³¢³ª¦´ ¶´¦¥ µ° ´¶±±°³µ µ©¦ ¥¦·¦­°±®¦¯µ ¢¯¥ °±¦³¢µª°¯¢­ ª®±­¦®¦¯µ¢µª°¯ °§ ¢¯ ¢­¨°³ªµ©®. T°°­´ ¶´¦¥
µ° ´¶±±°³µ ´°§µ¸¢³¦ ¥¦·¦­°±®¦¯µ ¢¯¥ ·¦³ªfi¤¢µª°¯ ¢³¦ ¢­´° ¤¢±µ¶³¦¥ ª¯ µ©ª´ ±³°«¦¤µª°¯.
T©¦ ¤©°ª¤¦ °§, §°³ ¦¹¢®±­¦, ±³°¨³¢®®ª¯¨ ­¢¯¨¶¢¨¦ ¢¯¥ ´¶±±°³µª¯¨ µ°°­´ ®¢º £¦ ¥ªff¦³¦¯µ ¥¶³ª¯¨ µ³¢ª¯ª¯¨
µ©¢¯ ª¯ °±¦³¢µª°¯¢­ ¶´¦. H¦¯¤¦, ªµ ª´ ¤°¯·¦¯ª¦¯µ µ° ¤°¯´ª¥¦³ µ©ª´ ±³°«¦¤µª°¯ µ¸ª¤¦: °¯¤¦ §³°® ¢ µ³¢ª¯ª¯¨ ¢¯¥
¥¦·¦­°±®¦¯µ ±¦³´±¦¤µª·¦ ¢¯¥ °¯¤¦ §³°® µ©¦ ±¦³´±¦¤µª·¦ °§ °±¦³¢µª°¯¢­ ¶´¦ °§ µ©¦ ¢­¨°³ªµ©®.
M¢¯º °§ µ©¦ ¤°¯´ª¥¦³¢µª°¯´ ³¦­¦·¢¯µ §°³ µ©ª´ ±³°«¦¤µª°¯ ¢³¦ ¢¥¦²¶¢µ¦­º ¢¥¥³¦´´¦¥ £º ¦¹ª´µª¯¨ ´°§µ¸¢³¦ ´¢§¦µº
´µ¢¯¥¢³¥´.
2.1.5 H¢³¥¸¢³¦
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦. Iµ ª¯¤­¶¥¦´ ¤°¯´ª¥¦³¢µª°¯ °§ µ©¦ µº±¦ °§ ©¢³¥¸¢³¦,
§°³ ¦¹¢®±­¦: C¦¯µ³¢­ P³°¤¦´´ª¯¨ U¯ªµ (CPUI; G³¢±©ª¤¢­ P³°¤¦´´ª¯¨ U¯ªµ (GPUI; T¦¯´°³ P³°¤¦´´ª¯¨ U¯ªµ (TPUI;
Fª¦­¥ P³°¨³¢®®¢£­¦ G¢µ¦ A³³¢º (FPGAI. Iµ ¢­´° ª¯¤­¶¥¦´ ¸©¦µ©¦³ µ©ª´ ©¢³¥¸¢³¦ ª´ ¥¦¥ª¤¢µ¦¥ µ° °¯¦ ¢­¨°³ªµ©®
°³ ¸©¦µ©¦³ ªµ ª´ ¶´¦¥ µ° ´¶±±°³µ ®¶­µª±­¦ ¢­¨°³ªµ©®´ (°³ ®¶­µª±­¦ ´º´µ¦® §¦¢µ¶³¦´, ª¯¤­¶¥ª¯¨ ¯°¯-AI °¯¦´I.
A´ ¸ªµ© µ©¦ ±³¦·ª°¶´ ±³°«¦¤µª°¯, ªµ ª´ ¤°¯·¦¯ª¦¯µ µ° ¤°¯´ª¥¦³ µ©¦ ©¢³¥¸¢³¦ ±³°«¦¤µª°¯ §³°® £°µ©
¥¦·¦­°±®¦¯µ ¢¯¥ °±¦³¢µª°¯¢­ ¶´¦ ±¦³´±¦¤µª·¦´.
Lª¬¦ µ©¦ ±³¦·ª°¶´ ±³°«¦¤µª°¯, ®¢¯º °§ µ©¦ ¤°¯´ª¥¦³¢µª°¯´ ³¦­¦·¢¯µ §°³ µ©ª´ ±³°«¦¤µª°¯ ¢³¦ ¢¥¦²¶¢µ¦­º
¢¥¥³¦´´¦¥ £º ¦¹ª´µª¯¨ (¤°®±¶µ¢µª°¯¢­I ©¢³¥¸¢³¦ ´¢§¦µº ´µ¢¯¥¢³¥´.
2.2 S¶®®¢³º
T¢£­¦ 2 ±³°·ª¥¦´ ¢ £³ª¦§ ´¶®®¢³º °§ µ©¦ fi·¦ ±³°«¦¤µª°¯´ ª¯ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ µ©¢µ ©¢´ £¦¦¯
¢¥°±µ¦¥ £º µ©¦ SASWG.




F°¤¶´¦¥ °¯ µ©¦ ¥¢µ¢ µ©¢µ ª´ ¢·¢ª­¢£­¦ µ° µ³¢ª¯ (°³ ¥¦·¦­°±I
µ©¦ ¢­¨°³ªµ©®
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F°¤¶´¦¥ °¯ µ©¦ µº±¦ °§ ¢­¨°³ªµ©® µ©¢µ ª´ ¶´¦¥;
¦®±©¢´ª»¦´ ª®±­¦®¦¯µ¢µª°¯
S°§µ¸¢³¦
F°¤¶´¦¥ °¯ µ©¦ ´°§µ¸¢³¦ ¶´¦¥ µ° ¥¦·¦­°± µ©¦ ¢­¨°³ªµ©®
¢¯¥, ´¦±¢³¢µ¦­º, ´¶±±°³µ ªµ´ °±¦³¢µª°¯¢­ ¶´¦
H¢³¥¸¢³¦
F°¤¶´¦¥ °¯ µ©¦ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ µ©¢µ ª´ ¶´¦¥,









































3 C°®±¶µ¢µª°¯-L¦·¦­ F³¢®¦¸°³¬: O£«¦¤µª·¦´
T©ª´ ´¦¤µª°¯ ­ª´µ´ µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¦¢¤© ±³°«¦¤µª°¯ °§ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬.
S¶±±°³µª¯¨ «¶´µªfi¤¢µª°¯ §°³ µ©¦´¦ °£«¦¤µª·¦´ ª´ ±³°·ª¥¦¥ ª¯ A±±¦¯¥ª¹ B.
3.1 E¹±¦³ª¦¯¤¦
T©¦ ¦¹±¦³ª¦¯¤¦ ±³°«¦¤µª°¯ ª´ §°¤¶´¦¥ °¯ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ µ©¢µ ª´ ¶´¦¥ µ° ¥¦·¦­°± µ©¦ ¢­¨°³ªµ©®. T©ª´ ¥¢µ¢
ª´ ¤³¶¤ª¢­­º ª®±°³µ¢¯µ £¦¤¢¶´¦ ªµ ¦¯¤°¥¦´ µ©¦ ³¦²¶ª³¦®¦¯µ´ µ©¢µ µ©¦ ¢­¨°³ªµ©® ©¢´ µ° ´¢µª´§º. U¯§°³µ¶¯¢µ¦­º,
µ©ª´ ¦¯¤°¥ª¯¨ ª´ ª®±­ª¤ªµ, ª¯ µ©¦ §°³® °§ µ©¦ ¥¦´ª³¦¥ ª¯±¶µ-°¶µ±¶µ ³¦­¢µª°¯´©ª±, ´° ªµ ¤¢¯¯°µ £¦ ¥ª³¦¤µ­º
¦¹¢®ª¯¦¥. H¦¯¤¦, ¢´´¶³¢¯¤¦ µ©¢µ µ©¦ ¢­¨°³ªµ©®’́ £¦©¢·ª°¶³ ¸ª­­ £¦ ¢±±³°±³ª¢µ¦ ©¢´ µ° ª¯¤­¶¥¦ ¢´±¦¤µ´
³¦­¢µª¯¨ µ° µ©¦ ¥¢µ¢.
T©¦³¦ ¢³¦ §°¶³ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
COM1-1: D¢µ¢ ª´ ¢¤²¶ª³¦¥ ¢¯¥ ¤°¯µ³°­­¦¥ ¢±±³°±³ª¢µ¦­º.
Dª´¤¶´´ª°¯: D¢µ¢ ª´ °£·ª°¶´­º ¢ ·¦³º ª®±°³µ¢¯µ ±¢³µ °§ ¢¯ ML ¢±±³°¢¤©. C°¯´¦²¶¦¯µ­º, ¢¯º ¢´´¶³¢¯¤¦
¢³¨¶®¦¯µ µ©¢µ ¢¥¥³¦´´¦´ µ©¦ ML-±³°¥¶¤¦¥ ¢­¨°³ªµ©® ¢­´° ©¢´ µ° ¢¥¥³¦´´ µ©¦ ¥¢µ¢ ¶´¦¥ µ° ´¶±±°³µ ªµ´
¥¦·¦­°±®¦¯µ. M°³¦ ±¢³µª¤¶­¢³­º, ª§ µ©¦ ´°¶³¤¦ °§ µ©¦ µ³¢ª¯ª¯¨, µ¦´µ ¢¯¥ ·¦³ªfi¤¢µª°¯ ¥¢µ¢ ¤¢¯¯°µ £¦ ¢¥¦²¶¢µ¦­º
¥¦fi¯¦¥, °³ ª§ µ©ª´ ´°¶³¤¦ ª´ ¯°µ ¢±±³°±³ª¢µ¦ §°³ µ©¦ ª¯µ¦¯¥¦¥ ¶´¦, µ©¦¯ ªµ ¸ª­­ £¦ ¥ªffi¤¶­µ µ° ±³°¥¶¤¦ ¢
¤°®±¦­­ª¯¨ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ.
E¹¢®±­¦´: T©¦ fi³´µ ±¢³µ °§ µ©ª´ °£«¦¤µª·¦ ³¦­¢µ¦´ µ° µ©¦ ¸¢º µ©¦ ¥¢µ¢ ª´ ¢¤²¶ª³¦¥. F°³ ¦¹¢®±­¦, µ©ª´ ¤°¶­¥
ª¯·°­·¦ °£´¦³·ª¯¨ ¢ ¯¢µ¶³¢­ ±³°¤¦´´ °·¦³ ¸©ª¤© ­ªµµ­¦ ¤°¯µ³°­ ¤¢¯ £¦ ¢±±­ª¦¥, °³ ªµ ¤°¶­¥ ª¯·°­·¦ ¤°¯µ³°­­¦¥
µ³ª¢­´; ¢­µ¦³¯¢µª·¦­º, ªµ ¤°¶­¥ ª¯·°­·¦ µ©¦ ¶´¦ °§ ¢ ´º¯µ©¦µª¤ ¦¯·ª³°¯®¦¯µ §³°®¸©ª¤© µ³¢ª¯ª¯¨ ¥¢µ¢ ª´ ¨¦¯¦³¢µ¦¥.
I¥¦¢­­º, µ©¦ ¥¢µ¢ ¸°¶­¥ £¦ ¢¤²¶ª³¦¥ ª¯ ¢ ¤°¯µ³°­­¦¥ ®¢¯¯¦³ ¶´ª¯¨ ¢ ¥°¤¶®¦¯µ¦¥ ±³°¤¦´´, ¸©ª¤© µ¢¬¦´
¢¤¤°¶¯µ °§ µ©¦ ±³¦·¢ª­ª¯¨ ¦¯·ª³°¯®¦¯µ¢­ §¦¢µ¶³¦´ (¦.¨., ¸¦¢µ©¦³, ´º´µ¦® ¢³¤©ªµ¦¤µ¶³¦I ¥¶³ª¯¨ ¤°­­¦¤µª°¯.
C©¢¯¨¦´ µ° µ©¦ ¢¤²¶ª´ªµª°¯ ®¦µ©°¥ ¸°¶­¥ £¦ §°³®¢­­º ®¢¯¢¨¦¥. A­´°, ¢¯º ´°§µ¸¢³¦ ¶´¦¥ µ° ´¶±±°³µ ¥¢µ¢
¢¤²¶ª´ªµª°¯ ¸°¶­¥ £¦ ´©°¸¯ µ° £¦ ¤°³³¦¤µ. I¯ ´°®¦ ¸¢º´, µ©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ®ª³³°³ µ©°´¦ ³¦­¢µ¦¥ µ° µ©¦
¶´¦ °§ P³°¥¶¤µ S¦³·ª¤¦ Hª´µ°³º (PSHI ª¯ µ©¦ ¢·ª¢µª°¯ ¥°®¢ª¯ {16}.
I§ ¢ ¤°®±­¦µ¦ ¥¢µ¢ ´¦µ ª´ ¢¤²¶ª³¦¥ §³°® ¢¯ ¦¹µ¦³¯¢­ ±¢³µº µ©¦¯ ¤¢³¦ ´©°¶­¥ £¦ µ¢¬¦¯ µ° ¦¯´¶³¦ µ©¢µ ªµ ©¢´
¯°µ £¦¦¯ ´¶£«¦¤µ µ° “D¢µ¢ P°ª´°¯ª¯¨”; §°³ ¦¹¢®±­¦, µ©¦ ¢¥¥ªµª°¯ °§ ¢ ´®¢­­ ¯¶®£¦³ °§ ®¢­ª¤ª°¶´­º ¤³¢§µ¦¥
´¢®±­¦´ ¤¢¯ ¤³¦¢µ¦ ¢ £¢¤¬¥°°³ {17}. T©¦ ´¢®¦ µ¦¤©¯ª²¶¦´ ¶´¦¥ µ° ¤°¯fi³® µ©¦ ¢¶µ©¦¯µª¤ªµº °§ ª¯§°³®¢µª°¯
¥°¸¯­°¢¥¦¥ §³°® µ©¦ I¯µ¦³¯¦µ (¦.¨., ¤©¦¤¬´¶®´I ®¢º £¦ ©¦­±§¶­ ©¦³¦. W©¦¯ ¶´ª¯¨ ¥¢µ¢ §³°® ¢¯ ¦¹µ¦³¯¢­
±¢³µº, ¤¢³¦ ¢­´° ¯¦¦¥´ µ° £¦ µ¢¬¦¯ µ° ¦¯´¶³¦ ªµ ª´ ¯°µ ¢¤¤ª¥¦¯µ¢­­º fl¢¸¦¥, §°³ ¦¹¢®±­¦, £¦¤¢¶´¦ °§ µ³¢¯´­¢µª°¯
ª´´¶¦´ (¦.¨, µ©³°¶¨© ¥ªff¦³¦¯µ ¶´¦ °§ ¤°®®°¯ µ¦³®´ ­ª¬¦ “´±¦¦¥”I.
R¦¨¢³¥­¦´´ °§ ©°¸ µ©¦ ¥¢µ¢ ª´ ¢¤²¶ª³¦¥ µ©¦³¦ ª´ ¢­´° ¢ ¯¦¦¥ µ° ¢¯¢­º´¦ ¢¯¥ ²¶¢¯µª§º ¶¯¤¦³µ¢ª¯µº. T©ª´
®¢º ¢³ª´¦, §°³ ¦¹¢®±­¦, §³°® ´¦¯´°³ ¯°ª´¦ ¸©¦¯ ®¦¢´¶³ª¯¨ ´¢®±­¦´. A¯°µ©¦³ ±°µ¦¯µª¢­ ´°¶³¤¦ ª´ ­¢£¦­­ª¯¨
¶¯¤¦³µ¢ª¯µº: §°³ ¦¹¢®±­¦, ´©°¶­¥ ¢ ±¦³´°¯ ¸¢­¬ª¯¨ ¯¦¹µ µ° ¢ £ª¤º¤­¦ £¦ ¤­¢´´ªfi¦¥ ¢´ ¢ ±¦¥¦´µ³ª¢¯ °³ ¢ ¤º¤­ª´µ_
T©ª´ ¤¢¯ £¦ ¢¯ ª´´¶¦ ª§ ­¢£¦­­ª¯¨ ª´ ¤°¯¥¶¤µ¦¥ £º ¢ µ¦¢® °§ ©¶®¢¯´ {22}.
T©¦ ´¦¤°¯¥ ±¢³µ °§ µ©ª´ °£«¦¤µª·¦ ³¦­¢µ¦´ µ° ¤°¯µ³°­ °§ µ©¦ ¥¢µ¢. M°³¦ ´±¦¤ªfi¤¢­­º, µ©¦ ¥¢µ¢ ¸°¶­¥ £¦
¦¹±¦¤µ¦¥ µ° £¦ ´¶£«¦¤µ µ° ´°®¦ §°³® °§ ¤°¯fi¨¶³¢µª°¯ ®¢¯¢¨¦®¦¯µ ±³°¤¦´´, ¸©ª¤© ±³°µ¦¤µ´ ªµ §³°®
¢¤¤ª¥¦¯µ¢­ °³ ¶¯¢¶µ©°³ª´¦¥ ¤©¢¯¨¦´. Sµ¢¯¥¢³¥ ¤°¯fi¨¶³¢µª°¯ ®¢¯¢¨¦®¦¯µ µ°°­´ ¢³¦ ­ª¬¦­º µ° £¦ ´¶ªµ¢£­¦

















































N°µ¦ µ©¢µ ¢­¨°³ªµ©®´ §¦¢µ¶³ª¯¨ °¯­ª¯¦ ­¦¢³¯ª¯¨ ¸ª­­ ¤°¯µª¯¶¦ µ° ³¦¤¦ª·¦ µ³¢ª¯ª¯¨ ¥¢µ¢ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦.
T©ª´ ª¯¥ª¤¢µ¦´ µ©¦³¦ ®¢º £¦ ¢ ¯¦¦¥ µ° ª¯¤­¶¥¦ ´¢§¦¨¶¢³¥´ ´° µ©¢µ °¯­º ´¶ªµ¢£­¦ ¥¢µ¢ ª´ ¶´¦¥ §°³ ­¦¢³¯ª¯¨
±¶³±°´¦´. T©¦´¦ ¤°¶­¥, §°³ ¦¹¢®±­¦, ¤©¦¤¬ µ©¢µ ª¯±¶µ´ ¢³¦ ´¶ffi¤ª¦¯µ­º ´ª®ª­¢³ µ° µ©°´¦ µ©¢µ ©¢·¦ £¦¦¯ ´¦¦¯
£¦§°³¦, ¦ªµ©¦³ £¦¤¢¶´¦ µ©¦º ¸¦³¦ ª¯¤­¶¥¦¥ ª¯ µ©¦ °³ª¨ª¯¢­, ±³¦-¥¦±­°º®¦¯µ µ³¢ª¯ª¯¨ ¥¢µ¢ °³ £¦¤¢¶´¦ µ©¦º
©¢·¦ ±³¦·ª°¶´­º £¦¦¯ °£´¦³·¦¥ ª¯ °±¦³¢µª°¯¢­ ¶´¦; µ©¦´¦ µ¸° ¤°¯¥ªµª°¯´ ¢­­°¸ ¨³¢¥¶¢­ ¦¹±¢¯´ª°¯ °§ µ©¦
³¢¯¨¦ °§ ´¶ªµ¢£­¦ ¥¢µ¢ ¢´ µ©¦ ¢­¨°³ªµ©® ­¦¢³¯´. T©¦ ¯°µª°¯ °§ “´¶ffi¤ª¦¯µ ´ª®ª­¢³ªµº” £¦¢³´ ´°®¦ ³¦­¢µª°¯ µ°
µ©¦ ¤°¯¤¦±µ °§ ¥ª´µ³ª£¶µª°¯ ´©ª§µ2 {61}, £¶µ ©¦³¦ ªµ ª¯·°­·¦´ ¤°®±¢³ª¯¨ ¢ ´ª¯¨­¦ ´¢®±­¦ ¸ªµ© ¢ ¥ª´µ³ª£¶µª°¯,
³¢µ©¦³ µ©¢¯ µ©¦ ®°³¦ µº±ª¤¢­ ¤¢´¦ °§ ¤°®±¢³ª¯¨ µ¸° ¥ª´µ³ª£¶µª°¯´.
COM1-2: P³¦-±³°¤¦´´ª¯¨ ®¦µ©°¥´ ¥° ¯°µ ª¯µ³°¥¶¤¦ ¦³³°³´.
Dª´¤¶´´ª°¯: J¶´µ £¦¤¢¶´¦ ¥¢µ¢ ©¢´ £¦¦¯ ¤°­­¦¤µ¦¥ ª¯ ¢ ¤°¯µ³°­­¦¥ ®¢¯¯¦³ (¢´ ª¯¥ª¤¢µ¦¥ £º O£«¦¤µª·¦
COM1-1I, ªµ ¥°¦´ ¯°µ ¯¦¤¦´´¢³ª­º §°­­°¸ µ©¢µ µ©¦ ¥¢µ¢ ª´ ´¶ªµ¢£­¦ §°³ µ³¢ª¯ª¯¨ ¢¯ ¢­¨°³ªµ©®. I¯ ®¢¯º ML
¢±±­ª¤¢µª°¯´, µ©¦³¦ ª´ ¢ ´µ¦± £¦µ¸¦¦¯ ¢¤²¶ª³ª¯¨ ¥¢µ¢ ¢¯¥ ©¢·ª¯¨ ¥¢µ¢ ª¯ ¢ §°³® ´¶ªµ¢£­¦ §°³ ¢­¨°³ªµ©®
¥¦·¦­°±®¦¯µ. T©ª´ ´µ¦± ¨¦¯¦³¢­­º ª¯·°­·¦´ ±³¦-±³°¤¦´´ª¯¨ µ©¦ ¥¢µ¢. Iµ ¤°¶­¥ ª¯¤­¶¥¦, §°³ ¦¹¢®±­¦, ¥¦µ¦¤µª¯¨
®ª´´ª¯¨ ¥¢µ¢ ªµ¦®´ ¢¯¥ ³¦±­¢¤ª¯¨ µ©¦® ¸ªµ© ´¶ªµ¢£­¦ ´¶³³°¨¢µ¦ ·¢­¶¦´; ªµ ¤°¶­¥ ¢­´° ª¯¤­¶¥¦ ¯°³®¢­ª´ª¯¨
§¦¢µ¶³¦´. Sª¯¤¦ ±³¦-±³°¤¦´´ª¯¨ ¥ª³¦¤µ­º ¢ff¦¤µ´ µ©¦ ¥¢µ¢ ¶´¦¥ µ° ¥¦·¦­°± µ©¦ ¢­¨°³ªµ©®, ¢¯º ¦³³°³´ ª¯
±³¦-±³°¤¦´´ª¯¨ ¤°¶­¥ ¶¯¥¦³®ª¯¦ ¢ ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ.
P³¦-±³°¤¦´´ª¯¨ ª´ ­ª¬¦­º µ° °¤¤¶³ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦ ¢´ ¸¦­­. F°³ ¦¹¢®±­¦, ³¢¸ ´¦¯´°³ ³¦¢¥ª¯¨´ ¢³¦
­ª¬¦­º µ° £¦ ±³°¤¦´´¦¥ ª¯ ´°®¦ ¸¢º £¦§°³¦ £¦ª¯¨ ±³°·ª¥¦¥ ¢´ ª¯±¶µ´ µ° ¢¯ ¢­¨°³ªµ©®. A­µ©°¶¨© ªµ ª´
ª®±°³µ¢¯µ, µ©ª´ µº±¦ °§ ±³¦-±³°¤¦´´ª¯¨ ª´ ¤°¯´ª¥¦³¦¥ µ° £¦ ¢¯ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ ª´´¶¦, ³¢µ©¦³
µ©¢¯ ¢ ¤°®±¶µ¢µª°¯-­¦·¦­ ª´´¶¦.
E¹¢®±­¦´: Tº±ª¤¢­­º, ±³¦-±³°¤¦´´ª¯¨ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¢¤©ª¦·¦¥ ¶´ª¯¨ µ³¢¥ªµª°¯¢­ µº±¦´ °§ ´°§µ¸¢³¦.
T©ª´ ®¦¢¯´ µ©¢µ µ©¦ ¢±±³°¢¤©¦´ ¶´¦¥ µ° ±³°·ª¥¦ ¢´´¶³¢¯¤¦ §°³ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ ¢³¦ ¢­´° ¢±±­ª¤¢£­¦ ©¦³¦
(¦.¨., {69}I. I¯ ¢¥¥ªµª°¯, ±³¦-±³°¤¦´´ª¯¨ ´°§µ¸¢³¦ £¦¢³´ ´°®¦ ´ª®ª­¢³ªµª¦´ µ° µ°°­´ ¶´¦¥ µ° ´¶±±°³µ µ³¢¥ªµª°¯¢­
´°§µ¸¢³¦ ¥¦·¦­°±®¦¯µ. O¯¦ ¸¢º °§ ¢¤©ª¦·ª¯¨ ¤°¯fi¥¦¯¤¦ µ©¢µ µ©°´¦ µ°°­´ ¥° ¯°µ ª¯µ³°¥¶¤¦ ¦³³°³´ ª´ µ©¦
¯°µª°¯ °§ T°°­ Q¶¢­ªfi¤¢µª°¯. H¦¯¤¦, ¤°¯¤¦±µ´ ­ª¬¦ T°°­ Q¶¢­ªfi¤¢µª°¯ L¦·¦­´ (TQL´I {70} ¢³¦ ¢­´° ³¦­¦·¢¯µ. I¯
µ©¢µ ´±¦¤ªfi¤ ¤°¯µ¦¹µ, ±³¦-±³°¤¦´´ª¯¨ ´°§µ¸¢³¦ ¤¢¯ £¦ ¤°¯´ª¥¦³¦¥ ¢´ ¢ µ°°­ µ©¢µ ¤¢¯ ª¯µ³°¥¶¤¦ ¦³³°³´ ª¯µ°
µ©¦ °±¦³¢µª°¯¢­ ´°§µ¸¢³¦ (³¢µ©¦³ µ©¢¯ ¢ µ°°­ µ©¢µ ¤¢¯ °¯­º §¢ª­ µ° ¥¦µ¦¤µ ¢¯ ¦³³°³I.
T©¦ ¢±±³°¢¤©¦´ ¶´¦¥ §°³ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ ´©°¶­¥ ¦¯´¶³¦ µ©¢µ ±³¦-±³°¤¦´´ª¯¨ ´°§µ¸¢³¦ ª´ ¶¯¥¦³
¢±±³°±³ª¢µ¦ ¤°¯µ³°­, ª¯¤­¶¥ª¯¨ ¢³¤©ª·¦ ³¦µ³ª¦·¢­, ª§ ¯¦¤¦´´¢³º. Sª®ª­¢³­º, µ©¦ ¤°¯µ³°­ ®¦¢´¶³¦´ (¥ª´¤¶´´¦¥
¶¯¥¦³ O£«¦¤µª·¦ COM1-1I ´©°¶­¥ ¦¯´¶³¦ µ©¢µ µ©¦ “³¢¸” (ª.¦., ¯°µ ±³¦-±³°¤¦´´¦¥I ¥¢µ¢ ³¦®¢ª¯´ ¢·¢ª­¢£­¦,
´©°¶­¥ µ©ª´ £¦ ³¦²¶ª³¦¥.
COM1-3: D¢µ¢ ¤¢±µ¶³¦´ µ©¦ ³¦²¶ª³¦¥ ¢­¨°³ªµ©® £¦©¢·ª°¶³.
Dª´¤¶´´ª°¯: E·¦¯ ª§ µ©¦ ¥¢µ¢ ª´ ´¶ªµ¢£­¦ §°³ µ³¢ª¯ª¯¨ ¢¯ ¢­¨°³ªµ©®, ªµ ¥°¦´ ¯°µ ¯¦¤¦´´¢³ª­º §°­­°¸ µ©¢µ ªµ ª´
´¶ªµ¢£­¦ §°³ µ³¢ª¯ª¯¨ ¢ ´±¦¤ªfi¤ ¢­¨°³ªµ©®. F¶¯¥¢®¦¯µ¢­­º, µ³¢ª¯ª¯¨ ¥¢µ¢ ¦¯¤°¥¦´ µ©¦ ³¦²¶ª³¦®¦¯µ´ µ©¢µ µ©¦
¢­¨°³ªµ©®’́ £¦©¢·ª°¶³ ª´ ª¯µ¦¯¥¦¥ µ° ´¢µª´§º, ´° ¢ ¥¢µ¢ ´¦µ ´¶ªµ¢£­¦ §°³ µ³¢ª¯ª¯¨ ¢¯ ¢­¨°³ªµ©® µ° ³¦¤°¨¯ª´¦
³°¢¥ ´ª¨¯´ ¸ª­­ ¯°µ £¦ ´¶ªµ¢£­¦ §°³ µ³¢ª¯ª¯¨ ¢¯ ¢­¨°³ªµ©® µ° ³¦¤°¨¯ª´¦ ©¶®¢¯ ¦®°µª°¯´. U¯§°³µ¶¯¢µ¦­º, µ©¦
¥¢µ¢ ¥°¦´ ¯°µ ¦¯¤°¥¦ µ©¦ ³¦²¶ª³¦®¦¯µ´ ª¯ ¢¯ ¦¹±­ª¤ªµ ®¢¯¯¦³. C°¯´¦²¶¦¯µ­º, µ©¦´¦ ³¦²¶ª³¦®¦¯µ´ ¤¢¯¯°µ
£¦ ¥ª³¦¤µ­º ³¦·ª¦¸¦¥ £º ´µ¢¬¦©°­¥¦³´ °³ ¢­¨°³ªµ©® ¥¦·¦­°±¦³´. T©ª´ ®¦¢¯´ ¢¯ ¢³¨¶®¦¯µ ¯¦¦¥´ µ° £¦ ®¢¥¦
¢´ µ° ¸©º ¢ ±¢³µª¤¶­¢³ ´¦µ °§ ¥¢µ¢ ª´ ¢±±³°±³ª¢µ¦ §°³ ¢ ´±¦¤ªfi¤ ¢­¨°³ªµ©®ª¤ £¦©¢·ª°¶³.





































E¹¢®±­¦´: E¹±­°³¢µ°³º ¥¢µ¢ ¢¯¢­º´ª´ {81} ¸°¶­¥ £¦ ¢ ´¦¯´ª£­¦ fi³´µ ´µ¦± ª¯ ¶¯¥¦³´µ¢¯¥ª¯¨ µ©¦ ±³°±¦³µª¦´ °§
¢ ¥¢µ¢ ´¦µ ¢¯¥, ¤°¯´¦²¶¦¯µ­º, ªµ´ ¢±±­ª¤¢£ª­ªµº µ° ¢ ±¢³µª¤¶­¢³ ¢­¨°³ªµ©®. T©ª´ ¤°¶­¥ ª¯¤­¶¥¦ ±­°µµª¯¨ ®¢³¨ª¯¢­
¥ª´µ³ª£¶µª°¯´ °§ ¦¢¤© §¦¢µ¶³¦, ¤¢­¤¶­¢µª¯¨ µ¸°-¸¢º ¤°³³¦­¢µª°¯ ¤°¦ffi¤ª¦¯µ´ ¢¯¥ ±³°¥¶¤ª¯¨ ±¢ª³¸ª´¦ ´¤¢µµ¦³
±­°µ´ §°³ ¥ªff¦³¦¯µ ±¢ª³´ °§ §¦¢µ¶³¦´ {44}. Iµ ¤¢¯ ¢­´° £¦ ©¦­±§¶­ µ° ª¥¦¯µª§º µº±ª¤¢­ ¢¯¥ °¶µ­ª¦³ ´¢®±­¦´
(±°´´ª£­º °¯ ¢ ¤­¢´´-£º-¤­¢´´ £¢´ª´, §°³ ¤­¢´´ªfi¤¢µª°¯ ±³°£­¦®´I {7}. T©¦ ¤°¯¤¦±µ °§ °¶µ­ª¦³ ´¢®±­¦´ ¤¢¯
¢­´° £¦ ¦¹µ¦¯¥¦¥ µ° ª¯¤­¶¥¦ ³¢³¦ ´ªµ¶¢µª°¯´, µ©¦ ±³¦´¦¯¤¦ (°³ ¢£´¦¯¤¦I °§ ¸©ª¤© ª´ ­ª¬¦­º µ° £¦ ª¯§°³®¢µª·¦.
T©¦ ª¯´ª¨©µ´ ¨¢ª¯¦¥ §³°® µ©ª´ ¸°³¬ ¤¢¯ ª¯§°³® ¥ª´¤¶´´ª°¯´ ª¯·°­·ª¯¨ ¥°®¢ª¯ ¦¹±¦³µ´ ¢¯¥ ML ´±¦¤ª¢­ª´µ´, ¢´
¸¦­­ ¢´ ´¶±±°³µª¯¨ ¢¯ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ.
I¯ ¦´´¦¯¤¦, ±¢³µ °§ µ©ª´ °£«¦¤µª·¦ ª´ ¢£°¶µ ¶¯¥¦³´µ¢¯¥ª¯¨ µ©¦ ³¦­¢µª°¯´©ª± £¦µ¸¦¦¯ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ ¢¯¥ µ©¦
¢­¨°³ªµ©®’́ ¢±±­ª¤¢µª°¯ ¥°®¢ª¯. T©ª´ ¤°¶­¥ £¦ ª¯§°³®¦¥ £º ±³¦·ª°¶´ ¶´¦´ °§ µ©¦ ¥¢µ¢ {34}. I¯ ´°®¦ ¤¢´¦´,
µ©¦ ³¦­¢µª°¯´©ª± ¤¢¯ £¦ ²¶ªµ¦ ´¶£µ­¦. C°¯´ª¥¦³, §°³ ¦¹¢®±­¦, ¢¯ ¢­¨°³ªµ©® ª¯µ¦¯¥¦¥ µ° ³¦¤°¨¯ª´¦ B³ªµª´©
µ³¢ffi¤ ´ª¨¯´. D¦´±ªµ¦ µ©¦ ³¦´µ³ª¤µª°¯ °§ µ©¦ ¢­¨°³ªµ©®’́ ¥°®¢ª¯ µ° B³ªµª´© µ³¢ffi¤ ´ª¨¯´ ªµ ®¢º £¦ ¢±±³°±³ª¢µ¦
µ° µ³¢ª¯ ªµ °¯ B³ªµª´©, C°¯µª¯¦¯µ¢­ E¶³°±¦¢¯, ¢¯¥ ¸°³­¥¸ª¥¦, µ³¢ffi¤ ´ª¨¯´. A­°¯¨ ¸ªµ© ¢±±¢³¦¯µ ¦¤°¯°®ª¤
£¦¯¦fiµ´ (¦.¨., ª§ µ©¦ ´¢®¦ ¢­¨°³ªµ©® ¤°¶­¥ ´¶£´¦²¶¦¯µ­º £¦ ¦®±­°º¦¥ ª¯ ¥ªff¦³¦¯µ ®¢³¬¦µ´I, µ©ª´ ¢±±³°¢¤©
¤°¶­¥ ª¯¤³¦¢´¦ ¢­¨°³ªµ©® ³°£¶´µ¯¦´´.
A ³¦­¢µ¦¥, £¶µ ®°³¦ ¦¹µ³¦®¦, ·¦³´ª°¯ °§ µ©ª´ ¨¦¯¦³¢­ ¢±±³°¢¤© ª´ µ³¢¯´§¦³ ­¦¢³¯ª¯¨, ¸©¦³¦ ¢ ±³¦-µ³¢ª¯¦¥
¯¦µ¸°³¬ ª´ ´±¦¤ª¢­ª´¦¥, °³ fi¯¦-µ¶¯¦¥, §°³ ¢ ´±¦¤ªfi¤ µ¢´¬. T©ª´ ¢±±³°¢¤© ª´ °§µ¦¯ ¶´¦¥ §°³ ª®¢¨¦ ³¦¤°¨¯ªµª°¯
µ¢´¬´. I¯ µ©ª´ ¤¢´¦, µ©¦ ¯¢µ¶³¦ °§ µ©¦ ±³¦-µ³¢ª¯¦¥ ¯¦µ¸°³¬ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¥ª´¤¶´´¦¥ ª¯ ¢¯º
¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ. T©ª´ ¥ª´¤¶´´ª°¯ ¸°¶­¥ ¢­´° £¦ ¦¹±¦¤µ¦¥ µ° ¢¥¥³¦´´ µ©¦ ±°´´ª£ª­ªµº °§ µ©¦ ±³¦-µ³¢ª¯¦¥
¯¦µ¸°³¬ ª¯µ³°¥¶¤ª¯¨ ¢ £¢¤¬¥°°³, °³ °µ©¦³¸ª´¦ ¶¯¥¦´ª³¢£­¦, £¦©¢·ª°¶³ {37}.
COM1-4: A¥·¦³´¦ ¦ff¦¤µ´ ¢³ª´ª¯¨ §³°® ¥ª´µ³ª£¶µª°¯ ´©ª§µ ¢³¦ ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ.
Dª´¤¶´´ª°¯: Dª´µ³ª£¶µª°¯ ´©ª§µ °¤¤¶³´ ¸©¦¯ µ©¦ °±¦³¢µª°¯¢­ ª¯±¶µ´ ±³°·ª¥¦¥ µ° µ©¦ ¢­¨°³ªµ©® ¥ªff¦³, ª¯ ¢
´µ¢µª´µª¤¢­­º ®¦¢¯ª¯¨§¶­ ´¦¯´¦, §³°® µ©¦ ´¢®±­¦´ ¶´¦¥ ¥¶³ª¯¨ ¥¦·¦­°±®¦¯µ. T©ª´ ª´ ª®±°³µ¢¯µ £¦¤¢¶´¦, ª¯
¢¥¥ªµª°¯ µ° ¦¯¤°¥ª¯¨ ³¦²¶ª³¦®¦¯µ´, µ³¢ª¯ª¯¨ ¥¢µ¢ ¢­´° ¤¢±µ¶³¦´ ª¯§°³®¢µª°¯ ³¦­¢µª¯¨ µ° µ©¦ ¥°®¢ª¯ ª¯ ¸©ª¤©
µ©¦ ¢­¨°³ªµ©® ¤¢¯ ´¢§¦­º £¦ ¶´¦¥.
E¹¢®±­¦´: T©¦³¦ ¢³¦ ¢ ¯¶®£¦³ °§ ¥ªff¦³¦¯µ µº±¦´ °§ ¥ª´µ³ª£¶µª°¯ ´©ª§µ, ª¯¤­¶¥ª¯¨ ¤¢´¦´ ¸©¦³¦ µ©¦ ª¯±¶µ´
¤©¢¯¨¦ ¢¯¥ ¤¢´¦´ ¸©¦³¦ µ©¦ ª¯±¶µ-°¶µ±¶µ ³¦­¢µª°¯´©ª± ¤©¢¯¨¦´ {61}. T©¦ ±°´´ª£ª­ªµº °§ ¦¢¤© µº±¦ °§
¥ª´µ³ª£¶µª°¯ ´©ª§µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¤°¯´ª¥¦³¦¥ ¢¯¥ ¢±±³°±³ª¢µ¦ ±³°µ¦¤µª°¯ ±³°·ª¥¦¥. A¯º ¥¦µ¦¤µª°¯
°§ ¥ª´µ³ª£¶µª°¯ ´©ª§µ ª´ ´µ¢µª´µª¤¢­ ª¯ ¯¢µ¶³¦. T©ª´ ®¦¢¯´ µ©¢µ ¢ £¢­¢¯¤¦ ¯¦¦¥´ µ° £¦ ´µ³¶¤¬ £¦µ¸¦¦¯ µ©¦
±°´´ª£ª­ªµº °§ §¢­´¦ ¢­¢³®´ (ª.¦., §¢­´¦ ±°´ªµª·¦´I ¢¯¥ µ©¦ ±°´´ª£ª­ªµº °§ §¢­´¦ ¯¦¨¢µª·¦´; µ©ª´ £¢­¢¯¤¦ ®¢º £¦ ¢
©¢³¥ ¸ª³¦¥ §¦¢µ¶³¦, °³ ªµ ®¢º £¦ µ¶¯¦¢£­¦.
Sª¯¤¦ µ©¦ ¢­¨°³ªµ©® ª´ ®¦¢¯µ µ° ¨¦¯¦³¢­ª´¦ µ©¦ ª¯±¶µ-°¶µ±¶µ ®¢±±ª¯¨ °§ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢, µ©¦³¦ ¢³¦
¥¢¯¨¦³´ ª¯ µ¢¬ª¯¨ µ°° ³ª¨ª¥ ¢ ´µ¢µª´µª¤¢­ ¢±±³°¢¤©. M°³¦ ´±¦¤ªfi¤¢­­º, µ©¦ ª¯±¶µ´ ´¦¦¯ £º µ©¦ ¢­¨°³ªµ©® ¥¶³ª¯¨
°±¦³¢µª°¯¢­ ¶´¦ ¢³¦ ¯°µ ¦¹±¦¤µ¦¥ µ° £¦ ±³¦¤ª´¦­º µ©¦ ´¢®¦ ¢´ µ©°´¦ ¶´¦¥ ¥¶³ª¯¨ µ³¢ª¯ª¯¨. C°¯´¦²¶¦¯µ­º,
µ©¦ ¢­¨°³ªµ©® ®¢º £¦ £¦µµ¦³ ´¶ªµ¦¥ µ° ±³°·ª¥ª¯¨ °±¦³¢µª°¯¢­ ±³¦¥ª¤µª°¯´ §°³ ª¯±¶µ´ µ©¢µ ­ª¦ ª¯´ª¥¦ (ª.¦., ¸ªµ©ª¯
µ©¦ ¤°¯·¦¹ ©¶­­ °§I µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ µ©¢¯ µ° ±³°·ª¥ª¯¨ ±³¦¥ª¤µª°¯´ §°³ ª¯±¶µ´ µ©¢µ ­ª¦ °¶µ´ª¥¦ µ©¦ µ³¢ª¯ª¯¨
¥¢µ¢.
T©¦³¦ ¢³¦ °µ©¦³ ³¦¢´°¯´ ¸©º ¢ ¯¢ª·¦ ¤°®±¢³ª´°¯ °§ µ³¢ª¯ª¯¨ ¢¯¥ °±¦³¢µª°¯¢­ ¥ª´µ³ª£¶µª°¯´ ª´ ­ª¬¦­º µ°
£¦ ª¯¢±±³°±³ª¢µ¦. F°³ ¦¹¢®±­¦, µ° ª¯¤³¦¢´¦ ³°£¶´µ¯¦´´ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ ®¢º £¦ ´¶±±­¦®¦¯µ¦¥ ¸ªµ©
¢¥·¦³´¢³ª¢­ ¦¹¢®±­¦´ {36}. A¥¥ªµª°¯¢­­º, µ©¦ §³¦²¶¦¯¤º °§ “³¢³¦ £¶µ ª®±°³µ¢¯µ” ¦¹¢®±­¦´ ®¢º £¦ ¢³µªfi¤ª¢­­º
ª¯¤³¦¢´¦¥ ¸ªµ©ª¯ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ £º ¨¦¯¦³¢µª¯¨ ´º¯µ©¦µª¤ ¥¢µ¢.






































¥ª´µ³ª£¶µª°¯ ¸ªµ© »¦³° ®¦¢¯, µ©¢µ ª´ ´º®®¦µ³ª¤ ¢£°¶µ µ©ª´ ·¢­¶¦; ´¸¢±±ª¯¨ µ©¦ ´ª¨¯ °¯ ¢­­ ´¢®±­¦´ ¸°¶­¥
±³°¥¶¤¦ ¢ ¥¢µ¢ ´¦µ µ©¢µ ¸¢´ ´µ¢µª´µª¤¢­­º ´ª®ª­¢³, £¶µ ´¦®¢¯µª¤¢­­º ¥ªff¦³¦¯µ. T©ª´ ±°´´ª£ª­ªµº ´©°¶­¥ £¦
¤°¯´ª¥¦³¦¥ ¢¯¥, ª§ ¢±±³°±³ª¢µ¦, ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ.
T©¦³¦ ª´ ¢­´° µ©¦ ±°´´ª£ª­ªµº µ©¢µ ¥¢µ¢ ª´ ´¦®¢¯µª¤¢­­º ´ª®ª­¢³ £¶µ, ´µ¢µª´µª¤¢­­º ¥ªff¦³¦¯µ. O£·ª°¶´­º, µ©ª´
¥¦±¦¯¥´ °¯ µ©¦ ´±¦¤ªfi¤ ¯¢µ¶³¦ °§ µ©¦ ´µ¢µª´µª¤¢­ µ¦´µ µ©¢µ ª´ £¦ª¯¨ ¶´¦¥. H°¸¦·¦³, µ©¦³¦ ¢³¦ ¦¹¢®±­¦´
°§ ´µ¢µª´µª¤¢­ ¥ªff¦³¦¯¤¦´ £¦ª¯¨ §°¶¯¥ £¦µ¸¦¦¯ µ³¢ª¯ª¯¨ ¢¯¥ µ¦´µ ¥¢µ¢, £¶µ µ©¦´¦ ¥ªff¦³¦¯¤¦´ ©¢·ª¯¨ ¯°
¥ª´¤¦³¯ª£­¦ ¦ff¦¤µ °¯ ¢­¨°³ªµ©® ±¦³§°³®¢¯¤¦ {66}.
F³°® ¢ ¤°®±¶µ¢µª°¯-­¦·¦­ ±¦³´±¦¤µª·¦, µ©¦ §°¤¶´ ª´ °¯ ¥¦µ¦¤µª¯¨ ¥ª´µ³ª£¶µª°¯ ´©ª§µ. A±±³°±³ª¢µ¦ ³¦´±°¯´¦´
¢³¦ £¦´µ ¦¯¢¤µ¦¥ ¢µ °µ©¦³ §³¢®¦¸°³¬ ­¦·¦­´ (´¦¦, §°³ ¦¹¢®±­¦, O£«¦¤µª·¦ ARC1-2 §³°® µ©¦ ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦ ­¦·¦­I.
3.2 T¢´¬
T©ª´ ±³°«¦¤µª°¯ ª´ §°¤¶´¦¥ °¯ µ©¦ ±¦³§°³®¢¯¤¦ °§ µ©¦ ¢­¨°³ªµ©®; µ©¢µ ª´, ¸©¦µ©¦³ ªµ ¤¢¯ £¦ ´¢§¦­º ¶´¦¥
¸ªµ©ª¯ µ©¦ ª¯µ¦¯¥¦¥ ´º´µ¦® ¤°¯µ¦¹µ. A´ ¸ªµ© µ³¢¥ªµª°¯¢­ ´¢§¦µº-³¦­¢µ¦¥ ´°§µ¸¢³¦, ³¦²¶ª³¦®¦¯µ´ ¸°¶­¥ £¦
¦¹±¦¤µ¦¥ µ° £¦ ±¢´´¦¥ ¥°¸¯ §³°® µ©¦ ´º´µ¦® ­¦·¦­. W©ª­´µ µ©¦³¦ ¢³¦ ´°®¦ ´ª®ª­¢³ªµª¦´, µ©¦³¦ ¢³¦ ¢­´° ´°®¦
¥ªff¦³¦¯¤¦´ £¦µ¸¦¦¯ ¦·ª¥¦¯¤¦ µ©¢µ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ ´¢µª´fi¦´ ªµ´ ³¦²¶ª³¦®¦¯µ´ ¢¯¥ µ©¦ ¤°³³¦´±°¯¥ª¯¨
¦·ª¥¦¯¤¦ §°³ ¢­¨°³ªµ©®´ ¥¦·¦­°±¦¥ ¶´ª¯¨ ML µ¦¤©¯ª²¶¦´. T©ª´ ¦·ª¥¦¯¤¦ ª´, °£·ª°¶´­º, ¢¯ ª®±°³µ¢¯µ
¤°®±°¯¦¯µ °§ ¢¯ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ.
T©¦³¦ ¢³¦ ´¦·¦¯ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
COM2-1: F¶¯¤µª°¯¢­ ³¦²¶ª³¦®¦¯µ´ ª®±°´¦¥ °¯ µ©¦ ¢­¨°³ªµ©® ¢³¦ ¥¦fi¯¦¥ ¢¯¥ ´¢µª´fi¦¥.
Dª´¤¶´´ª°¯: U­µª®¢µ¦­º, µ©¦ ¢­¨°³ªµ©® ª´ ¦¹±¦¤µ¦¥ µ° £¦ ¶´¦¥ ¢´ ±¢³µ °§ ¢ ´º´µ¦®. I¯ °³¥¦³ µ° ±¦³§°³® ¢´
±¢³µ °§ µ©¢µ ´º´µ¦®, µ©¦ ¢­¨°³ªµ©® ¸ª­­ ©¢·¦ µ° ´¢µª´§º ¢ ¯¶®£¦³ °§ §¶¯¤µª°¯¢­ ³¦²¶ª³¦®¦¯µ´. F°³ ¦¹¢®±­¦,
³¢µ©¦³ µ©¢¯ ³¦µ¶³¯ª¯¨ ¢ ´ª¯¨­¦ ±³¦¥ª¤µª°¯, ªµ ¤°¶­¥ £¦ ³¦²¶ª³¦¥ µ° ³¦µ¶³¯ ¢ ±³°£¢£ª­ªµº ·¦¤µ°³ µ©¢µ ¦¹±³¦´´¦´
µ©¦ ­ª¬¦­ª©°°¥ °§ ¢¯ ª¯±¶µ £¦­°¯¨ª¯¨ µ° ¦¢¤© °§ ¢ ¤°­­¦¤µª°¯ °§ ¤­¢´´¦´. A­µ¦³¯¢µª·¦­º, °³ ¢¥¥ªµª°¯¢­­º, ªµ ®¢º
£¦ ³¦²¶ª³¦¥ µ° ±³°·ª¥¦ ´°®¦ ®¦¢´¶³¦ °§ ¤°¯fi¥¦¯¤¦ ª¯ ªµ´ ±³¦¥ª¤µª°¯.
E¹¢®±­¦´: T³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ µ¦´µª¯¨ µ¦¤©¯ª²¶¦´ ®¢º £¦ ©¦­±§¶­ ª¯ ¥¦®°¯´µ³¢µª¯¨ ´°®¦ °§ ¢¯ ¢­¨°³ªµ©®’́
§¶¯¤µª°¯¢­ ±³°±¦³µª¦´. D¦±¦¯¥ª¯¨ °¯ µ©¦ ¤³ªµª¤¢­ªµº °§ µ©¦ ¢­¨°³ªµ©®, µ©¦´¦ ®¢º ª¯·°­·¦ §°³®¢­ ³¦·ª¦¸ °§ µ¦´µ
¤¢´¦´ ¢¯¥ µ¦´µ´ £¦ª¯¨ ª¯¥¦±¦¯¥¦¯µ­º ¤°¯¥¶¤µ¦¥ (¢¯¥ ¸ªµ¯¦´´¦¥I.
I¯ML ¢±±³°¢¤©¦´, §¶¯¤µª°¯¢­ ³¦²¶ª³¦®¦¯µ´ ¢³¦ ¯°µ ´º´µ¦®¢µª¤¢­­º ¥¦¤°®±°´¦¥ ª¯µ° ­°¸-­¦·¦­ ³¦²¶ª³¦®¦¯µ´
µ©¢µ ¤¢¯ £¦ ¶¯¢®£ª¨¶°¶´­º ¤°¥¦¥ ¢¨¢ª¯´µ. T©ª´ ®¦¢¯´ µ©¢µ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ µ¦´µª¯¨ µ¦¤©¯ª²¶¦´ ´©°¶­¥
£¦ ´¶±±­¦®¦¯µ¦¥ £º °µ©¦³ µº±¦´ °§ µ¦´µª¯¨. T©¦´¦ ¤°¶­¥ ª¯¤­¶¥¦ µ©¦ µº±¦´ °§ µ¦´µ µ©¢µ ¢³¦ ®°³¦ µ³¢¥ªµª°¯¢­­º
´¦¦¯ ¢µ µ©¦ ´º´µ¦® ­¦·¦­.
N°µ¦ µ©¢µ µ©¦ ±¦³§°³®¢¯¤¦ °§ µ©¦ ¢­¨°³ªµ©® ª´ ¤°¯´ª¥¦³¦¥ ª¯ O£«¦¤µª·¦ COM2-3.
COM2-2: N°¯-§¶¯¤µª°¯¢­ ³¦²¶ª³¦®¦¯µ´ ª®±°´¦¥ °¯ µ©¦ ¢­¨°³ªµ©® ¢³¦ ¥¦fi¯¦¥ ¢¯¥
´¢µª´fi¦¥.
Dª´¤¶´´ª°¯: T©¦ ¢­¨°³ªµ©® ¸ª­­ £¦ ¦®£°¥ª¦¥ ª¯ ¢ ¸ª¥¦³ ´º´µ¦®. T©ª´ ®¦¢¯´ ªµ ¸ª­­ ©¢·¦ µ° ´¢µª´§º ´°®¦





































E¹¢®±­¦´: Sª®ª­¢³ µ° O£«¦¤µª·¦ COM2-1, µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ µ¦´µª¯¨ µ¦¤©¯ª²¶¦´ ®¢º £¦ ©¦­±§¶­ ª¯
¥¦®°¯´µ³¢µª¯¨ ´°®¦ °§ ¢¯ ¢­¨°³ªµ©®’́ ¯°¯-§¶¯¤µª°¯¢­ ±³°±¦³µª¦´, £¶µ µ©¦º ´©°¶­¥ £¦ ´¶±±­¦®¦¯µ¦¥ £º
°µ©¦³ §°³®´ °§ µ¦´µª¯¨. T©ª´ ¤°¶­¥ £¦ ª¯§°³®¦¥ £º ¢ ´¦µ °§ ´µ¢¯¥¢³¥ ´¤¦¯¢³ª°´ {18}. T©¦ ¤©°ª¤¦ °§ ´¤¦¯¢³ª°´
¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¥¦´¤³ª£¦¥ ¢¯¥ «¶´µªfi¦¥ ¢´ ±¢³µ °§ µ©¦ ¤°®±¶µ¢µª°¯’́ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ. C¢³¦
¯¦¦¥´ µ° £¦ µ¢¬¦¯ µ° ¦¯´¶³¦ µ©¢µ µ©¦ ´¦­¦¤µª°¯ °§ ´¤¦¯¢³ª°´ ª´ ´¶ªµ¢£­¦ §°³ µ©¦ ª¯µ¦¯¥¦¥ ¶´¦. H°¸¦·¦³,
¦¹±¦³ª¦¯¤¦ §³°® °µ©¦³ ¢³¦¢´ ´¶¨¨¦´µ´ µ©ª´ ®¢º £¦ ±°´´ª£­¦: §°³ ¦¹¢®±­¦, ¢ ´µ¢¯¥¢³¥ ´¦µ °§ ´ªµ¶¢µª°¯´ ª´
¶´¦¥ ¸©¦¯ µ¦´µª¯¨ ¢¯ ¢ª³¤³¢§µ flª¨©µ ´ª®¶­¢µ°³ {28}. T©¦ ¯°µª°¯ °§ ´ªµ¶¢µª°¯ ¤°·¦³¢¨¦ ¤°¶­¥ ¢­´° ª¯§°³® µ©ª´
¥¦¤ª´ª°¯ {3}.
T©ª´ ¸ª­­ ¥¦±¦¯¥, ©°¸¦·¦³, °¯ µ©¦ µ¦¤©¯°­°¨ª¦´ ª¯ ¶´¦. AS °§µ¦¯ ¶´¦ ¯°·¦­ µ¦¤©¯°­°¨º, ¢¯¥ ªµ ®¢º £¦ µ©¢µ
µ©¦³¦ ¢³¦ ¯° ¦´µ¢£­ª´©¦¥ µ¦¤©¯ª²¶¦´ §°³ ®¦¢´¶³ª¯¨ ¢ ¨ª·¦¯ ¯°¯-§¶¯¤µª°¯¢­ ±³°±¦³µº.
A ¬¦º ¯°¯-§¶¯¤µª°¯¢­ ³¦²¶ª³¦®¦¯µ §°³ µ³¢¥ªµª°¯¢­ ´¢§¦µº-³¦­¢µ¦¥ ´°§µ¸¢³¦ ª´ ¦¹¦¤¶µª°¯ µª®¦. C°¯´¦²¶¦¯µ­º,
´ª¨¯ªfi¤¢¯µ ¦ff°³µ ª´ °§µ¦¯ ¦¹±¦¯¥¦¥ ®¦¢´¶³ª¯¨ (°³, ª¯ ´°®¦ ¤¢´¦´, ¤¢­¤¶­¢µª¯¨I µ©¦ W°³´µ C¢´¦ E¹¦¤¶µª°¯
Tª®¦ (WCETI. M¢¯º ¢­¨°³ªµ©®´ ¥¦·¦­°±¦¥ ¶´ª¯¨ ML µ¦¤©¯ª²¶¦´ ¸ª­­ ¢±±­º ¦¹¢¤µ­º µ©¦ ´¢®¦ ¤°®±¶µ¢µª°¯¢­
±³°¤¦´´, ³¦¨¢³¥­¦´´ °§ µ©¦ ª¯±¶µ; µ©ª´ ª´ µ©¦ ¤¢´¦ §°³ NN´, §°³ ¦¹¢®±­¦. T©ª´ ®¦¢¯´ µ©¢µ ¦´µ¢£­ª´©ª¯¨ WCET
§°³ µ©¦´¦ ¢­¨°³ªµ©®´ ®¢º £¦ ¯° ¸°³´¦ µ©¢¯ ª´ µ©¦ ¤¢´¦ §°³ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦.
T©¦³¦ ¢³¦, ©°¸¦·¦³, ¶´¦´ °§ AI §°³ ¸©ª¤© µ©ª´ ª´ ¶¯­ª¬¦­º µ° £¦ µ©¦ ¤¢´¦; ³°¶µ¦ ±­¢¯¯ª¯¨ ª´ ¢ ±°´´ª£­¦
¦¹¢®±­¦. I¯ ´¶¤© ¤ª³¤¶®´µ¢¯¤¦´, WCET ¦´µª®¢µ¦´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¨¶ª¥¦¥ £º £°µ© ¬¯°¸­¦¥¨¦
°§ µ©¦ ¢­¨°³ªµ©® ¢¯¥ µ©¦ ­ª¬¦­º ¸¢º´ ª¯ ¸©ª¤© ªµ ¸ª­­ £¦ ¶´¦¥.
COM2-3: A­¨°³ªµ©® ±¦³§°³®¢¯¤¦ ª´ ®¦¢´¶³¦¥ °£«¦¤µª·¦­º.
Dª´¤¶´´ª°¯: F¶¯¥¢®¦¯µ¢­­º, µ©ª´ °£«¦¤µª·¦ ª´ ¢£°¶µ ©°¸ ±¦³§°³®¢¯¤¦ ª´ ®¦¢´¶³¦¥. T©¦ ²¶¦´µª°¯ °§ ¸©¢µ
­¦·¦­ °§ ±¦³§°³®¢¯¤¦ ª´ ³¦²¶ª³¦¥ ª´, ¦´´¦¯µª¢­­º, ¢ ´º´µ¦®-­¦·¦­ ¤°¯¤¦³¯. T©¦ ¸¢º µ©¢µ ±¦³§°³®¢¯¤¦ ª´
®¦¢´¶³¦¥ ´©°¶­¥ ¥ª³¦¤µ­º ³¦­¢µ¦ µ° µ©¦ ¢­¨°³ªµ©®’́ ³¦²¶ª³¦®¦¯µ´, ±¢´´¦¥ ¥°¸¯ §³°® µ©¦ ´º´µ¦® ­¦·¦­.
Tº±ª¤¢­­º, ¢¯ ¢­¨°³ªµ©® ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ¢¤©ª¦·¦ ¢µ ­¦¢´µ ¢ ®ª¯ª®¶® ­¦·¦­ °§ ±¦³§°³®¢¯¤¦. F°³
¤­¢´´ªfi¤¢µª°¯ ¢­¨°³ªµ©®´, µ©ª´ °§µ¦¯ ª¯·°­·¦´ ®¦¢´¶³ª¯¨ ±³°±¦³µª¦´ ­ª¬¦ ±³¦¤ª´ª°¯, ³¦¤¢­­ °³ ¢¤¤¶³¢¤º. T©¦´¦
¢³¦ ®¦¢´¶³¦¥ ¶´ª¯¨ ¢ ·¢­ª¥¢µª°¯ ¥¢µ¢ ´¦µ, ¸©ª¤© ª´ ¸ªµ©©¦­¥ §³°® µ©¦ µ³¢ª¯ª¯¨ ±³°¤¦´´ §°³ µ©ª´ ±¶³±°´¦.
N°µ¦, ©°¸¦·¦³, µ©¢µ µ©ª´ ª¯·°­·¦´ ¢ ´µ¢µª´µª¤¢­ ®¦¢´¶³¦ °§ ¤°³³¦¤µ¯¦´´.
E¹¢®±­¦´: A­µ©°¶¨© µ©¦º ¤¢¯ £¦ ¶´¦§¶­, µ©¦³¦ ¢³¦ ­ª®ªµ´ µ° ¸©¢µ ¤¢¯ £¦ ¨¢ª¯¦¥ §³°® ®¦¢´¶³ª¯¨ ±³°±¦³µª¦´
­ª¬¦ ±³¦¤ª´ª°¯, ³¦¤¢­­ ¢¯¥ ¢¤¤¶³¢¤º. F°³ ¦¹¢®±­¦, µ©¦ ¦¹ª´µ¦¯¤¦ °§ ¢¥·¦³´¢³ª¢­ ª¯±¶µ´ (ª.¦., ª¯±¶µ´ µ©¢µ ¢³¦
·¦³º ¤­°´¦ µ° ¢ ´¢®±­¦ ª¯ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢, £¶µ ¸©ª¤© ¢³¦ ¤°¯fi¥¦¯µ­º ±³¦¥ª¤µ¦¥ ¢´ £¦­°¯¨ª¯¨ µ° ¢ ¥ªff¦³¦¯µ
¤­¢´´I §°³ ¸¦­­-±¦³§°³®ª¯¨ ¢­¨°³ªµ©®´ (¦.¨., {78}I ª¯¥ª¤¢µ¦´ µ©¦´¦ ®¦¢´¶³¦´ ¢³¦ ¶¯­ª¬¦­º µ° ¤¢±µ¶³¦ ¢­­ ³¦­¦·¢¯µ
§¦¢µ¶³¦´ °§ ¢­¨°³ªµ©® £¦©¢·ª°¶³.
S±¦¤ª¢­ ¤¢³¦ ¯¦¦¥´ µ° £¦ µ¢¬¦¯ ª§ µ©¦ ¥¢µ¢ ´¦µ ª´ ª®£¢­¢¯¤¦¥; §°³ ¦¹¢®±­¦, ª§ ª¯ ¢ ¤­¢´´ªfi¤¢µª°¯ ±³°£­¦® ¢
­¢³¨¦ ±³°±°³µª°¯ °§ µ©¦ ¥¢µ¢ §¢­­´ ¸ªµ©ª¯ ¢ ´ª¯¨­¦ ¤­¢´´. I¯ ´¶¤© ¤¢´¦´ ±°°³­º ¤©°´¦¯ ±¦³§°³®¢¯¤¦ ®¦¢´¶³¦´
¤¢¯ £¦ ¥°®ª¯¢µ¦¥ £º µ©¦ ¢­¨°³ªµ©®’́ ±¦³§°³®¢¯¤¦ °¯ µ©¦ ­¢³¨¦ ¤­¢´´ {39}.
I¯ ´°®¦ ¤¢´¦´, ªµ ®¢º £¦ ¢±±³°±³ª¢µ¦, °³ ¯¦¤¦´´¢³º, µ° ¤°¯´ª¥¦³ ¢­¨°³ªµ©® §¢ª³¯¦´´. T©ª´ ¤°¶­¥ ³¦²¶ª³¦
¤©¢¯¨¦´ µ° µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ (±³¦-±³°¤¦´´ª¯¨I, ¢­µ¦³¢µª°¯´ µ° µ©¦ ®°¥¦­ µ³¢ª¯ª¯¨ ¢±±³°¢¤© (ª¯-±³°¤¦´´ª¯¨I °³
¤©¢¯¨¦´ µ° £¢´¦­ª¯¦ ®°¥¦­ °¶µ±¶µ´ (±°´µ-±³°¤¦´´ª¯¨I. A ·¢³ª¦µº °§ ¢­¨°³ªµ©®´ ©¢·¦ £¦¦¯ ¥¦·¦­°±¦¥ µ° ©¦­±






































COM2-4: P¦³§°³®¢¯¤¦ £°¶¯¥¢³ª¦´ ¢³¦ ¦´µ¢£­ª´©¦¥ ¢¯¥ ¤°®±­ª¦¥ ¸ªµ©.
Dª´¤¶´´ª°¯: D¦±¦¯¥ª¯¨ °¯ µ©¦ ¯¢µ¶³¦ °§ µ©¦ ¢­¨°³ªµ©®’́ ª¯±¶µ ¥°®¢ª¯, µ©¦³¦®¢º £¦ ´°®¦ ¤°®£ª¯¢µª°¯´ °§
§¦¢µ¶³¦´ µ©¢µ ¥° ¯°µ ³¦±³¦´¦¯µ ¢ ·¢­ª¥ ª¯±¶µ. C°¯´ª¥¦³, §°³ ¦¹¢®±­¦, µ©¦ ¤­¢´´ª¤ I³ª´ ¥¢µ¢ ´¦µ µ©¢µ ª´ ¢·¢ª­¢£­¦
§³°® µ©¦ U¯ª·¦³´ªµº °§ C¢­ª§°³¯ª¢, I³·ª¯¦ (UCII M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¦±°´ªµ°³º {24}. T©ª´ ³¦­¢µ¦´ ª¯§°³®¢µª°¯
°¯ ´±¦¤ªfi¤ I³ª´ §¦¢µ¶³¦´ (¦.¨., ±¦µ¢­ ´ª»¦´I µ° µ©¦ ¢´´°¤ª¢µ¦¥ ´±¦¤ª¦´ °§ ±­¢¯µ. I¯ µ©ª´ ¤¢´¦, µ©¦³¦ ª´ ´°®¦
³¦­¢µª°¯´©ª± £¦µ¸¦¦¯ µ©¦ ­¦¯¨µ© ¢¯¥ ¸ª¥µ© °§ ¢¯ I³ª´ ±¦µ¢­. H¦¯¤¦, ¦·¦¯ µ©°¶¨© ªµ ¸°¶­¥ §¢­­ ª¯´ª¥¦ ¢¯
¢­¨°³ªµ©®’́ ª¯±¶µ ¥°®¢ª¯, ªµ ¸°¶­¥ £¦ ¶¯³¦¢´°¯¢£­¦ µ° ¦¹±¦¤µ µ©¦ ¢­¨°³ªµ©® µ° ±³¦¥ª¤µ I³ª´ ´±¦¤ª¦´ §°³ ¢
·¦³º ¸ª¥¦, ·¦³º ´©°³µ ±¦µ¢­ (´ª¯¤¦ µ©ª´ ¤°®£ª¯¢µª°¯ ¥°¦´ ¯°µ °¤¤¶³ ª¯ ¯¢µ¶³¦I.
M°³¦ ¨¦¯¦³¢­­º, ¢´ ¯°µ¦¥ ¢£°·¦ (ª¯ µ©¦ ¦¹±¦³ª¦¯¤¦ ±³°«¦¤µª°¯, ´¶£´¦¤µª°¯ 3.1I, µ©¦ µ³¢ª¯ª¯¨, µ¦´µ ¢¯¥
·¦³ªfi¤¢µª°¯ ¥¢µ¢ ¦¯¤°¥¦´ ª¯§°³®¢µª°¯ ¢£°¶µ µ©¦ ³¦¨ª°¯ °§ ¢±±­ª¤¢£ª­ªµº §°³ µ©¦ ¢­¨°³ªµ©®. Sª¯¤¦ µ©ª´ ¥¢µ¢
¤°·¦³´ µ©¦ ´¤°±¦ °·¦³ ¸©ª¤© µ©¦ ¢­¨°³ªµ©® ©¢´ £¦¦¯ ¥¦·¦­°±¦¥ ¢¯¥ µ¦´µ¦¥, µ©ª´ ¢­´° ¦´µ¢£­ª´©¦´ £°¶¯¥¢³ª¦´
(¢­£¦ªµ §¶»»º °¯¦´I ¸ªµ©ª¯ ¸©ª¤© µ©¦ ®¦¢´¶³¦¥ ±¦³§°³®¢¯¤¦ ®¢º, ª¯ ´°®¦ ´¦¯´¦, £¦ ¦¹±¦¤µ¦¥.
N°µ¦ µ©¢µ µ©¦ ²¶¦´µª°¯ °§ ¸©¢µ ³¦´±°¯´¦ ´©°¶­¥ £¦ ±³°·ª¥¦¥ ª§ µ©¦ ¢­¨°³ªµ©® ³¦¤¦ª·¦´ ¢¯ ª¯·¢­ª¥ ª¯±¶µ ª´
£¦´µ ¢¥¥³¦´´¦¥ ¢µ µ©¦ ´º´µ¦® ­¦·¦­. I§ ¢±±³°±³ª¢µ¦, µ©ª´ ³¦´±°¯´¦ ¤°¶­¥ ¢­´° £¦ ¦¹µ¦¯¥¦¥ µ° ³¦¢­ª´µª¤, £¶µ
·¦³º ¶¯­ª¬¦­º, ±°ª¯µ´ ª¯ µ©¦ ª¯±¶µ ¥°®¢ª¯.
E¹¢®±­¦´: T©¦ ¢±±³°¢¤© µ° µ©ª´ °£«¦¤µª·¦ ª´ ´ª®ª­¢³ µ° µ©¢µ °§ O£«¦¤µª·¦ COM1-4. H°¸¦·¦³, µ©¦ µ¸°
°£«¦¤µª·¦´ ¥ªff¦³ ª¯ µ©¢µ COM1-4 ¢¥°±µ´ ¢ ®°³¦ µ©¦°³¦µª¤¢­, ¥¢µ¢-§°¤¶´¦¥ ¢±±³°¢¤©, ¸©¦³¦¢´ µ©ª´ °£«¦¤µª·¦
µ¢¬¦´ ¨³¦¢µ¦³ ¤°¯´ª¥¦³¢µª°¯ °§ µ©¦ ¸ª¥¦³ ´º´µ¦® ¢¯¥ ¢±±­ª¤¢µª°¯ ¥°®¢ª¯. E¯´¶³ª¯¨ µ©¢µ µ©¦ ±­¢µ§°³® ¤¢¯
µ°­¦³¢µ¦ °±¦³¢µª°¯¢­ ª¯±¶µ´ µ©¢µ ¢³¦ °¶µ´ª¥¦ µ©¦ ¢­¨°³ªµ©®’́ ±¦³§°³®¢¯¤¦ £°¶¯¥¢³º ª´ ¢¤©ª¦·¦¥ ·ª¢ O£«¦¤µª·¦
ARC1-2 ª¯ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬.
COM2-5: T©¦ ¢­¨°³ªµ©® ª´ ·¦³ªfi¦¥ ¸ªµ© ¢¯ ¢±±³°±³ª¢µ¦ ­¦·¦­ °§ ¤°·¦³¢¨¦.
Dª´¤¶´´ª°¯: B³¢¯¤© ¤°·¦³¢¨¦, ´µ¢µ¦®¦¯µ ¤°·¦³¢¨¦ ¢¯¥ M°¥ªfi¦¥ C°¯¥ªµª°¯ / D¦¤ª´ª°¯ C°·¦³¢¨¦ (MC/DCI
{19} ¢³¦ ¸¦­­ ¦´µ¢£­ª´©¦¥ ®¦¢´¶³¦´ °§ µ¦´µ ¤°·¦³¢¨¦ §°³ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ {69}. T©¦´¦ ®¦¢´¶³¦´, ¢¯¥
°µ©¦³ ³¦­¢µ¦¥ °¯¦´, ¢­­°¸ «¶¥¨¦®¦¯µ´ µ° £¦ ®¢¥¦ ³¦¨¢³¥ª¯¨ µ©¦ ´¶ffi¤ª¦¯¤º °§ ¢ µ¦´µ ´¦µ (¦.¨., °¯¦ £¢´¦¥ °¯
µ©¦ ´°§µ¸¢³¦ ³¦²¶ª³¦®¦¯µ´I. M°³¦ ¤°­­°²¶ª¢­­º, ª¯ ´°®¦ ´¦¯´¦ µ©¦º ¢­­°¸ ¢¯ ª¯§°³®¦¥ ¥¦¤ª´ª°¯ µ° £¦ ®¢¥¦
µ©¢µ ´¶ffi¤ª¦¯µ µ¦´µª¯¨ ©¢´ £¦¦¯ ¢¤©ª¦·¦¥.
F³°® µ©¦ ±¦³´±¦¤µª·¦ °§ ¢¯ ¢­¨°³ªµ©® ¥¦·¦­°±¦¥ ¶´ª¯¨ ML ¢±±³°¢¤©¦´ µ©¦³¦ ª´ ¢ ´ª®ª­¢³ ¯¦¦¥ µ° ±³°·ª¥¦
°£«¦¤µª·¦ ¦·ª¥¦¯¤¦ µ©¢µ ¢ ´¶ffi¤ª¦¯µ ­¦·¦­ °§ µ¦´µª¯¨ ©¢´ £¦¦¯ ¤°®±­¦µ¦¥.
E¹¢®±­¦´: A­¨°³ªµ©®-³¦­¢µ¦¥ ¤°·¦³¢¨¦ ®¦¢´¶³¦´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ¤°¯´ª¥¦³ µ¸° ±¦³´±¦¤µª·¦´: °¯¦
§°¤¶´¦¥ °¯ µ©¦ ª¯±¶µ ¥°®¢ª¯; ¢¯¥ °¯¦ §°¤¶´¦¥ °¯ µ©¦ ª¯µ¦³¯¢­ §¦¢µ¶³¦´ °§ µ©¦ ¢­¨°³ªµ©®.
A±±³°¢¤©¦´ µ©¢µ ¢¥¥³¦´´ µ©¦ §°³®¦³ ±¦³´±¦¤µª·¦ (ª.¦., µ©¦ ª¯±¶µ ¥°®¢ª¯I ¢³¦ ­ª¬¦­º µ° £¦ ¤°®®°¯ ¢¤³°´´
¢­­ ML ¢±±³°¢¤©¦´. T©¦´¦ ®¢º ¤°¯´ª¥¦³ µ©¦ ª¯±¶µ ¥°®¢ª¯ ªµ ªµ´ ³¢¸ §°³® (ª.¦., ¢´ ®¦¢´¶³¦¥ £º ´º´µ¦®-­¦·¦­
´¦¯´°³´I; ¢­µ¦³¯¢µª·¦­º, µ©¦º ®¢º ¤°¯´ª¥¦³ ¢ ´ª®±­¦³ ³¦±³¦´¦¯µ¢µª°¯ °§ µ©ª´ ¥¢µ¢, §°³ ¦¹¢®±­¦, °¯¦ ¥¦·¦­°±¦¥
¶´ª¯¨ P³ª¯¤ª±¢­ C°®±°¯¦¯µ A¯¢­º´ª´ (PCAI. I¯ ´°®¦ ¤¢´¦´, µ©¦º ®¢º ¢­´° ª¯·°­·¦ ¢±±³°¢¤©-´±¦¤ªfi¤
¤©¢³¢¤µ¦³ª´µª¤´, §°³ ¦¹¢®±­¦, ¤°¯´ª¥¦³ª¯¨ µ©¦ §¦¢µ¶³¦ ´±¢¤¦ ³¦±³¦´¦¯µ¦¥ £º ¢ ±¢³µª¤¶­¢³ ­¢º¦³ ª¯ ¢ ¯¦¶³¢­
¯¦µ¸°³¬. H°¸¦·¦³, ´ª¯¤¦ µ©ª´ ´±¢¤¦ ª´ ¥¦±¦¯¥¦¯µ °¯ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢, £º µ©¦®´¦­·¦´ µ©¦´¦ µº±¦´ °§
¤°¯´ª¥¦³¢µª°¯ ¸°¶­¥ ¯°µ £¦ ´¶ffi¤ª¦¯µ. O¯¦ °±µª°¯ ®¢º £¦ µ° ¤°¯´ª¥¦³ ¤©¢³¢¤µ¦³ª´µª¤ ´¦µ´ µ©¢µ ¤¢µ¦¨°³ª´¦
ª¯±¶µ ´¤¦¯¢³ª°´ (¦.¨., £º ¸¦¢µ©¦³, ³°¢¥ µº±¦, µ³¢ffi¤ ­¦·¦­I ¢¯¥ µ©¦¯ ¦´µ¢£­ª´© ¢ §°³® °§ ¤°®£ª¯¢µ°³ª¢­





































A±±³°¢¤©¦´ µ©¢µ ¢¥¥³¦´´ µ©¦ ­¢µµ¦³ ±¦³´±¦¤µª·¦ (ª.¦., ¢­¨°³ªµ©® ª¯µ¦³¯¢­ §¦¢µ¶³¦´I ¢³¦ ­ª¬¦­º µ° £¦ ´±¦¤ªfi¤ µ° ¢
±¢³µª¤¶­¢³ µº±¦ °§ ¢­¨°³ªµ©®, °³ §¢®ª­º °§ ¢­¨°³ªµ©®´. F°³ ¦¹¢®±­¦, ª¯ µ©¦ ¤¢´¦ °§ ³¢¯¥°® §°³¦´µ´, ¢ ®¦¢´¶³¦
°§ ©°¸®¢¯º £³¢¯¤©¦´ ¢³¦ ¤°·¦³¦¥ ª¯ ¦¢¤© µ³¦¦ £º µ©¦ ·¦³ªfi¤¢µª°¯ ¥¢µ¢ ®¢º £¦ ª¯§°³®¢µª·¦. U¯¥¦³´µ¢¯¥ª¯¨
©°¸ µ©ª´ ·¢­¶¦ ·¢³ª¦´ ¢¤³°´´ ª¯¥ª·ª¥¶¢­ µ³¦¦´ ª¯ µ©¦ §°³¦´µ (¢¯¥, ¦´±¦¤ª¢­­º, µ©¦ ®ª¯ª®¶® ·¢­¶¦I ª´ ¢­´° ­ª¬¦­º
µ° £¦ ª¯§°³®¢µª·¦. I¯ µ©¦ ¤¢´¦ °§ ¯¦¶³¢­ ¯¦µ¸°³¬´, ®¦¢´¶³¦´ £¢´¦¥ °¯ ¯¦¶³°¯ ¢¤µª·¢µª°¯´ ¢³¦ ­ª¬¦­º µ° £¦
©¦­±§¶­ {77}, ¦´±¦¤ª¢­­º µ©°´¦ £¢´¦¥ °¯ ¢¤µª·¢µª°¯´ °§ ¤°®£ª¯¢µª°¯´ °§ (³¢µ©¦³ µ©¢¯ ª¯¥ª·ª¥¶¢­I ¯¦¶³°¯´.
A¯°µ©¦³ ±°µ¦¯µª¢­­º ¶´¦§¶­ ¢±±³°¢¤© µ° ¦´µ¢£­ª´©ª¯¨ µ¦´µ ¤°·¦³¢¨¦ ª´ µ©¢µ °§ ¯¦¨¢µª°¯. C°¯´ª¥¦³, §°³ ¦¹¢®±­¦,
¢ ±¦¥¦´µ³ª¢¯ ¥¦µ¦¤µª°¯ §¶¯¤µª°¯. T©ª´ ¤°¶­¥ £¦ µ¦´µ¦¥ ¸ªµ© ª®¢¨¦´ µ©¢µ: ´©°¶­¥ £¦ ¤­¢´´ªfi¦¥ ¢´ ¤°¯µ¢ª¯ª¯¨
±¦¥¦´µ³ª¢¯´; ®ª¨©µ £¦ ¤­¢´´ªfi¦¥ ¢´ ¤°¯µ¢ª¯ª¯¨ ±¦¥¦´µ³ª¢¯´; ´©°¶­¥ ¥¦fi¯ªµ¦­º ¯°µ £¦ ¤­¢´´ªfi¦¥ ¢´ ¤°¯µ¢ª¯ª¯¨
±¦¥¦´µ³ª¢¯´. M°³¦ ¨¦¯¦³¢­­º, µ©¦ ­¢µµ¦³ ¤­¢´´ (¸©ª¤© ¤¢¯ £¦ ·ª¦¸¦¥ ¢´ ¯¦¨¢µª¯¨ µ©¦ ³¦²¶ª³¦®¦¯µI ¤¢¯ £¦ ¢¯
¦¢´º ¸¢º °§ ¨¦¯¦³¢µª¯¨ ±°¸¦³§¶­ µ¦´µ ¤¢´¦´.
COM2-6: T©¦ µ¦´µ ¦¯·ª³°¯®¦¯µ ª´ ¢±±³°±³ª¢µ¦.
Dª´¤¶´´ª°¯: Sª¯¤¦ µ¦´µ ³¦´¶­µ´ ¸ª­­ §°³® ±¢³µ °§ µ©¦ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ, µ©¦³¦ ®¶´µ £¦ ¤°¯fi¥¦¯¤¦ ª¯
µ©¦ µ¦´µ ¦¯·ª³°¯®¦¯µ µ©¢µ ±³°¥¶¤¦¥ µ©¦´¦ ³¦´¶­µ´. T©ª´ ¦¯·ª³°¯®¦¯µ ª¯¤­¶¥¦´ ±©º´ª¤¢­ ¢´´¦µ´, ´°§µ¸¢³¦
¤°¥¦ ¢¯¥ µ¦´µ ¤¢´¦´. I¯ ¢¥¥ªµª°¯, µ©¦ µ¦´µ ¦¯·ª³°¯®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¶¯¥¦³ ¤°¯fi¨¶³¢µª°¯
®¢¯¢¨¦®¦¯µ, ´° µ©¢µ ªµ ¤°¶­¥ ¯°µ £¦ ¢³£ªµ³¢³ª­º ¤©¢¯¨¦¥.
E¹¢®±­¦´: M¶¤© °§ µ©ª´ °£«¦¤µª·¦ ¸°¶­¥ £¦ ´¢µª´fi¦¥ £º µ³¢¥ªµª°¯¢­ ¢±±³°¢¤©¦´ µ° µ©¦ ¥¦·¦­°±®¦¯µ °§
´¢§¦µº-¤³ªµª¤¢­, °³ ´¢§¦µº-³¦­¢µ¦¥, ´°§µ¸¢³¦. H°¸¦·¦³, ªµ ª´ ±°´´ª£­¦, ±¦³©¢±´ ­ª¬¦­º, µ©¢µ µ©¦ µ¦´µ ¦¯·ª³°¯®¦¯µ
¸ª­­ ª¯¤­¶¥¦ ´°®¦ ³¦±³¦´¦¯µ¢µª°¯ °§ µ©¦ ³¦¢­ ¸°³­¥, §°³ ¦¹¢®±­¦, £¦¤¢¶´¦ µ©¦ µ¦´µ ¦¯·ª³°¯®¦¯µ ª¯¤­¶¥¦´
¢ ³¦±³¦´¦¯µ¢µª°¯ °§ µ©¦ ´º´µ¦® ¸ªµ©ª¯ ¸©ª¤© µ©¦ ¢­¨°³ªµ©® ª´ ¦®£°¥ª¦¥ °³ £¦¤¢¶´¦ ªµ ª¯¤­¶¥¦´ ¢
³¦±³¦´¦¯µ¢µª°¯ °§ µ©¦ ³¦¢­ ¸°³­¥ ±³°¤¦´´ µ©¢µ ¨¦¯¦³¢µ¦¥ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢. I¯ ¦ªµ©¦³ ¤¢´¦, µ©¦³¦ ª´ ¢
¯¦¦¥ µ° ·¢­ª¥¢µ¦ µ©¦ ³¦±³¦´¦¯µ¢µª°¯ °§ µ©¦ ³¦¢­ ¸°³­¥ ¦¯µªµº, °³ ±³°¤¦´´. T©ª´ ¤°¶­¥ £¦ ¢¤©ª¦·¦¥ ¶´ª¯¨
´µ¢¯¥¢³¥ ¢±±³°¢¤©¦´ §°³ ´ª®¶­¢µª°¯ ·¢­ª¥¢µª°¯ {73}, ±°µ¦¯µª¢­­º ´¶±±°³µ¦¥ £º ¢ ´µ¢¯¥¢³¥ ´¦µ °§ ´¤¦¯¢³ª°´
(¢´ ¥ª´¤¶´´¦¥ ª¯ O£«¦¤µª·¦ COM2-2I.
COM2-7: E¢¤© ¢­¨°³ªµ©® ·¢³ª¢¯µ ª´ µ¦´µ¦¥ ¢±±³°±³ª¢µ¦­º.
Dª´¤¶´´ª°¯: F°³ µ©¦ ±¶³±°´¦´ °§ µ©ª´ ¥°¤¶®¦¯µ, ªµ ª´ ©¦­±§¶­ µ° ¥ª´µª¯¨¶ª´© £¦µ¸¦¦¯ ª¯´µ¢¯µª¢µª°¯´, ¸©ª¤©
®¢º ºª¦­¥ ¥ªff¦³¦¯µ £¦©¢·ª°¶³, ¢¯¥ ·¢³ª¢¯µ´, ¸©ª¤© ¢³¦ ª¯µ¦¯¥¦¥ µ° ºª¦­¥ ¥ªff¦³¦¯µ £¦©¢·ª°¶³. F°³ ¦¹¢®±­¦,
¥ªff¦³¦¯µ ¢­¨°³ªµ©® ª¯´µ¢¯µª¢µª°¯´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ ª¯ ¢¶µ°¯°®°¶´ ·¦©ª¤­¦´ °±¦³¢µª¯¨ ª¯ µ©¦ U¯ªµ¦¥ Sµ¢µ¦´
°§ A®¦³ª¤¢, ¸©ª­´µ ¥ªff¦³¦¯µ ·¢³ª¢¯µ´ ¸°¶­¥ £¦ ¯¦¦¥¦¥ µ° °£¦º ´µ¢µ¦-­¦·¦­ ¥³ª·ª¯¨ ­¢¸´. M°³¦ ¨¦¯¦³¢­­º,
¢­¨°³ªµ©® ·¢³ª¢¯µ´ ¤¢¯ §¢¤ª­ªµ¢µ¦ ¢¥©¦³¦¯¤¦ µ° ­°¤¢­ ­¦¨ª´­¢µª°¯, °³ ­°¤¢­ ±³¢¤µª¤¦´.
E¹¢®±­¦´: T©¦ ²¶¦´µª°¯ °§ ©°¸ ®¶¤© µ¦´µª¯¨ °§ °¯¦ ·¢³ª¢¯µ ¤¢¯ £¦ ³¦¢¥ ¢¤³°´´ ª¯µ° ¢¯°µ©¦³ ª´, ª¯¦·ªµ¢£­º,
´ªµ¶¢µª°¯ ´±¦¤ªfi¤. N¦·¦³µ©¦­¦´´, µ©¦ ¶´¦ °§ ¢­¨°³ªµ©® ·¢³ª¢¯µ´ ©¢´ ´°®¦ ´ª®ª­¢³ªµº µ° µ©¦ ¯°µª°¯ °§ ´°§µ¸¢³¦
±³°¥¶¤µ ­ª¯¦ ¥¦·¦­°±®¦¯µ {64}.
Iµ ª´ ¢­´° ³¦­¢µ¦¥ µ° µ©¦ ­¦·¦­ °§ ¤°¯fi¥¦¯¤¦ µ©¢µ ¤¢¯ £¦ ¨¢ª¯¦¥ §³°®, §°³ ¦¹¢®±­¦, ¢ ±³¦-µ³¢ª¯¦¥ ¯¦µ¸°³¬
µ©¢µ ©¢´ £¦¦¯ ´¶£«¦¤µ µ° ´°®¦ µ¦´µª¯¨. I§ µ©¦ µ¦´µª¯¨ °§ µ©¦ ±³¦-µ³¢ª¯¦¥ ¯¦µ¸°³¬ ª´ ¤­°´¦­º ³¦­¢µ¦¥ µ° µ©¦
ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯ µ©¦¯ ªµ ®¢º £¦ ±°´´ª£­¦ µ° ¨¢ª¯ ¤°¯´ª¥¦³¢£­¦ ¤°¯fi¥¦¯¤¦. C°¯·¦³´¦­º, ª§ µ©¦³¦
¢³¦ ´ª¨¯ªfi¤¢¯µ ¥ªff¦³¦¯¤¦´ £¦µ¸¦¦¯ µ©¦ ¦¢³­ª¦³ µ¦´µª¯¨ ¢¯¥ µ©¦ ª¯µ¦¯¥¦¥ ¥°®¢ª¯ µ©¦¯ ­ªµµ­¦ ¤°¯fi¥¦¯¤¦ ®¢º
£¦ ¨¢ª¯¦¥ §³°® ¦¢³­ª¦³ µ¦´µª¯¨.
Sª®ª­¢³ ¤°¯´ª¥¦³¢µª°¯´ ¢­´° ¢±±­º µ° ¤¢´¦´ ¸©¦³¦ ¢¯¢­º´ª´ °§ °±¦³¢µª°¯¢­ ª¯±¶µ´ ª´ ¶´¦¥ µ° ¤³¦¢µ¦ ¯¦ ,̧





































µ©ª´ ¸ª­­ ª¯¦·ªµ¢£­º ¥¦¨³¢¥¦ ¢´ ®°³¦ ·¢³ª¢¯µ´ ¢³¦ ±³°¥¶¤¦¥. Iµ ®¢º £¦ ¯¦¤¦´´¢³º µ° ©¢·¦ ¢ ®ª¯ª®¢­ ´¦µ °§
µ¦´µ ¤¢´¦´ µ©¢µ ¢³¦ ¢­¸¢º´ ³¶¯, µ° ¤©¦¤¬ µ©¢µ ¢¯ ¶±¥¢µ¦ (µ° ±³°¥¶¤¦ ¢ ¯¦¸ ·¢³ª¢¯µI ©¢´ ¯°µ ¶¯¥¦³®ª¯¦¥ ¢¯º
¤³ªµª¤¢­ ±³°±¦³µª¦´ °§ µ©¦ ¢­¨°³ªµ©®. T©ª´ ©¢´ ´ª®ª­¢³ªµª¦´ µ° µ©¦ ¯°µª°¯ °§ ³¦¨³¦´´ª°¯ µ¦´µª¯¨ §°³ µ³¢¥ªµª°¯¢­
´°§µ¸¢³¦.
3.3 A­¨°³ªµ©®
Dªff¦³¦¯µ µº±¦´ °§ ¢­¨°³ªµ©® ©¢·¦ ¥ªff¦³¦¯µ ´µ³¦¯¨µ©´ ¢¯¥ ¸¦¢¬¯¦´´¦´. H¦¯¤¦, µ©¦ µº±¦ °§ ¢­¨°³ªµ©® µ©¢µ ª´
¶´¦¥ ©¢´ µ° £¦ ´¶ªµ¢£­¦ §°³ µ©¦ µ¢´¬ ª¯ ©¢¯¥. I¯ ±¢³µª¤¶­¢³, µ©¦ ¤©°ª¤¦ °§ ¢­¨°³ªµ©® ´©°¶­¥ £¦ £¢´¦¥ °¯ µ©¦
³¦²¶ª³¦®¦¯µ´ ªµ ©¢´ µ° ´¢µª´§º ¢¯¥ µ©¦ ¢±±­ª¤¢µª°¯ ¥°®¢ª¯; ªµ ´©°¶­¥ ¯°µ £¦ ¢¯ ¢³£ªµ³¢³º ¤©°ª¤¦, ¯°³ ´©°¶­¥
ªµ £¦ £¢´¦¥ ´°­¦­º °¯ ¥¦·¦­°±¦³ §¢®ª­ª¢³ªµº.
T©¦³¦ ¢³¦ §°¶³ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
COM3-1: A¯ ¢±±³°±³ª¢µ¦ ¢­¨°³ªµ©® µº±¦ ª´ ¶´¦¥.
Dª´¤¶´´ª°¯: A ·¢³ª¦µº °§ ¢­¨°³ªµ©® µº±¦´ ¢³¦ ¢·¢ª­¢£­¦, ª¯¤­¶¥ª¯¨ NN´, ³¢¯¥°® §°³¦´µ´, SVM´ ¢¯¥
R¦ª¯§°³¤¦®¦¯µ L¦¢³¯ª¯¨ (RLI. T©¦³¦ ¢³¦ §¶³µ©¦³ ¥ª·ª´ª°¯´ ¸ªµ©ª¯ ¦¢¤© µº±¦. F°³ ¦¹¢®±­¦, µ©¦ NN §¢®ª­º
ª¯¤­¶¥¦´: D¦¦± N¦¶³¢­ N¦µ¸°³¬´ (DNN´I, ¸©ª¤© §¦¢µ¶³¦ ©ª¥¥¦¯ ­¢º¦³´ °§ ¯¦¶³°¯´; R¦¤¶³³¦¯µ N¦¶³¢­
N¦µ¸°³¬´ (RNN´I, ¸©ª¤© ©¢·¦ ­°°±´ ¸ªµ©ª¯ µ©¦ ¯¦µ¸°³¬ ´µ³¶¤µ¶³¦; ¢¯¥ C°¯·°­¶µª°¯¢­ N¦¶³¢­ N¦µ¸°³¬´
(CNN´I, ¸©ª¤© ©¢·¦ §¦¢µ¶³¦´ ¥¦´ª¨¯¦¥ §°³ ª®¢¨¦ ¤­¢´´ªfi¤¢µª°¯.
I¯ ®°´µ ¤¢´¦´, µ©¦ ML ±³°¤¦´´ µ©¢µ ±³°¥¶¤¦´ µ©¦´¦ ¢­¨°³ªµ©®´ ª´ ¤°¯µ³°­­¦¥ £º ©º±¦³-±¢³¢®¦µ¦³´. T©¦´¦
®¢º ª¯¤­¶¥¦, §°³ ¦¹¢®±­¦: µ©¦ ¸¢º µ©¦ ¢·¢ª­¢£­¦ ¥¢µ¢ ª´ ´±­ªµ £¦µ¸¦¦¯ ¥¦·¦­°±®¦¯µ ¢¯¥ ·¦³ªfi¤¢µª°¯ ¢¤µª·ªµª¦´;
µ©¦ ¯¶®£¦³ °§ ­¢º¦³´, ¢¯¥ µ©¦ ¯¶®£¦³ °§ ¯¦¶³°¯´ ª¯ ¦¢¤© ­¢º¦³, °§ ¢ NN; µ©¦ ¯¦¶³°¯ ¢¤µª·¢µª°¯ §¶¯¤µª°¯;
¢¯¥ ¥³°±°¶µ ³¢µ¦´ {76}.
E¹¢®±­¦´: A¯º ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ª¯¤­¶¥¦ «¶´µªfi¤¢µª°¯
§°³ µ©¦ ¤©°´¦¯ ¢­¨°³ªµ©® ¢¯¥, ¢­´°, ¢¯º ©º±¦³-±¢³¢®¦µ¦³´ µ©¢µ ¸¦³¦ ¶´¦¥. T©ª´ ¤°¶­¥ ª¯¤­¶¥¦
¢±±³°±³ª¢µ¦­º-³¦§¦³¦¯¤¦¥ µ©¦°³¦µª¤¢­ ¢³¨¶®¦¯µ´, §°³ ¦¹¢®±­¦, ¢³¨¶ª¯¨ µ©¢µ µ©¦ ¢·¢ª­¢£­¦ ­ªµ¦³¢µ¶³¦
¥¦®°¯´µ³¢µ¦´ µ©¦ ¶µª­ªµº °§ CNN´ ª¯ ª®¢¨¦ ¤­¢´´ªfi¤¢µª°¯ µ¢´¬´ {52}.
E®±ª³ª¤¢­ ¢³¨¶®¦¯µ´ ¢³¦ ¢­´° ­ª¬¦­º µ° £¦ ³¦²¶ª³¦¥; §°³ ¦¹¢®±­¦, µ©¦ ±¦³§°³®¢¯¤¦ °§ ¢ ¯¶®£¦³ °§ ¥ªff¦³¦¯µ
¢­¨°³ªµ©®´ ¤°¶­¥ £¦ ª¯·¦´µª¨¢µ¦¥ ª¯ °³¥¦³ µ° «¶´µª§º µ©¦ ¤©°ª¤¦ °§ µ©¦ fi¯¢­ ¢­¨°³ªµ©®. Lª¬¦¸ª´¦, ¢ ´µ³¶¤µ¶³¦¥
ª¯·¦´µª¨¢µª°¯ °§ µ©¦ ¦ff¦¤µ °§ ¥ªff¦³¦¯µ ©º±¦³-±¢³¢®¦µ¦³ ´¦µµª¯¨´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥.
COM3-2: Tº±ª¤¢­ ¦³³°³´ ¢³¦ ª¥¦¯µªfi¦¥ ¢¯¥ ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ.
Dª´¤¶´´ª°¯: B³°¢¥­º ´±¦¢¬ª¯¨, µ©¦³¦ ¢³¦ §°¶³ ¥ªff¦³¦¯µ ±­¢¤¦´ ¸©¦³¦ ¦³³°³´ ¤¢¯ ¢³ª´¦: ¸ªµ©ª¯ µ©¦ µ³¢ª¯ª¯¨ (°³
·¦³ªfi¤¢µª°¯I ¥¢µ¢; ¸ªµ©ª¯ µ©¦ ¸¢º ª¯¥ª·ª¥¶¢­ ´µ¦±´ ¢³¦ ¤°®±°´¦¥ µ° §°³® ¢¯ ¢­¨°³ªµ©®; ¸ªµ©ª¯ ¢ ´¶±±°³µª¯¨
§³¢®¦¸°³¬; ¢¯¥ ¸ªµ©ª¯ µ©¦ ¦¹¦¤¶µª°¯ ¦¯·ª³°¯®¦¯µ {88}. T©¦´¦ ¢±±³°¹ª®¢µ¦­º ®¢± µ° µ©¦ ¦¹±¦³ª¦¯¤¦,
¢­¨°³ªµ©®, ´°§µ¸¢³¦ ¢¯¥ ©¢³¥¸¢³¦ ±³°«¦¤µª°¯´, ³¦´±¦¤µª·¦­º. C°¯´¦²¶¦¯µ­º, µ©ª´ °£«¦¤µª·¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ©
ª´´¶¦´ ³¦­¢µª¯¨ µ° ML ¢±±³°¢¤©¦´ ª¯ ¨¦¯¦³¢­, µ©¦ ¤­¢´´ °§ ¢­¨°³ªµ©® ¢¯¥ ©º±¦³-±¢³¢®¦µ¦³ ¤©°ª¤¦´.
E¹¢®±­¦´: C°®±¢³¢µª·¦­º, µ©¦³¦ ª´ ®¶¤© ­¦´´ ¦¹±¦³ª¦¯¤¦ ¢´ µ° ¸©¢µ µº±ª¤¢­ ¦³³°³´ ®¢º £¦ ª¯ ¢­¨°³ªµ©®´
µ³¢ª¯¦¥ ¶´ª¯¨ ML µ¦¤©¯ª²¶¦´ µ©¢¯ §°³ µ³¢¥ªµª°¯¢­ ´¢§¦µº-³¦­¢µ¦¥ ´°§µ¸¢³¦. N¦·¦³µ©¦­¦´´, µ©¦³¦ ¢³¦ ´°®¦
ª¯¥ª¤¢µª°¯´ °§ µ©ª¯¨´ µ©¢µ ´©°¶­¥ £¦ ¢·°ª¥¦¥ {40}. O¯¦ ¦¹¢®±­¦ ª´ °·¦³-fiµµª¯¨, ¸©¦³¦ µ©¦ ¢­¨°³ªµ©® ­¦¢³¯´




































¢¤¤¦´´ µ° ª¯§°³®¢µª°¯ µ©¢µ ´©°¶­¥ ¯°µ ­¦¨ªµª®¢µ¦­º £¦ ¢·¢ª­¢£­¦. A¥·¦³´¢³ª¢­ ¦¹¢®±­¦´ ®¢º ¢­´° £¦ ¢ µº±ª¤¢­
¦³³°³ §°³ ­¢³¨¦-¥ª®¦¯´ª°¯¢­ ¥¢µ¢ ´¦µ´ {35}. A¯°µ©¦³ µº±ª¤¢­ ¦³³°³ ®¢º £¦ µ©¦ ¶¯¥¦³-³¦±³¦´¦¯µ¢µª°¯ °§ ³¢³¦
¦·¦¯µ´ ª¯ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ {85}.
W©ª­´µ ´°®¦ ª¯¥ª¤¢µª·¦ µº±ª¤¢­ ¦³³°³´ ¢³¦ £¦¨ª¯¯ª¯¨ µ° ¦®¦³¨¦, ªµ ª´ ­¦´´ ¤­¦¢³ ©°¸ µ©¦´¦ ¦³³°³´ ¤¢¯ £¦
¥¦µ¦¤µ¦¥ ¢¯¥ ¤°³³¦¤µ¦¥. I¯ µ©¦ ´±¦¤ªfi¤ ¤¢´¦ °§ °·¦³-fiµµª¯¨, ªµ ¢±±¦¢³´ µ©¢µ ¨³°¶±´ °§ ¯¦¶³°¯´ µ©¢µ fi³¦ §°³ ¢
´ª¯¨­¦ ¤­¢´´ ®¢º £¦ ª¯¥ª¤¢µª·¦ °§ ®¦®°³ª´ª¯¨ µ©¦ ´±¦¤ªfi¤ µ³¢ª¯ª¯¨ ¥¢µ¢, ³¢µ©¦³ µ©¢¯ ¨¦¯¦³¢­ª´¢µª°¯ {60}.
A­µ©°¶¨© ´¶±±°³µª¯¨ §³¢®¦¸°³¬´ ¤¢¯ ´ª®±­ª§º µ©¦ ¶´¦ °§ ML ¢±±³°¢¤©¦´, µ©¦ª³ ¯¢µ¶³¦ ¤¢¯ ®¢¬¦ ªµ ¥ªffi¤¶­µ
µ° ¥¦µ¦¤µ ¦³³°³´. F°³ ¦¹¢®±­¦, ®¢¯º ­¦¢³¯ª¯¨ ±³°¤¦´´¦´ ©¢·¦ ´µ°¤©¢´µª¤ §¦¢µ¶³¦´; µ©ª´ ®¦¢¯´ µ©¢µ £¶¨´ ¢³¦
©¢³¥ µ° ³¦±³°¥¶¤¦ ¢¯¥, §¶³µ©¦³®°³¦, ´¶¤¤¦´´ ¤³ªµ¦³ª¢ ¢³¦ ´µ¢µª´µª¤¢­ ª¯ ¯¢µ¶³¦ (¸©ª¤© ®¦¢¯´ ª¯¤°³³¦¤µ ¤°¥¦
¤¢¯ ¢±±¦¢³ µ° £¦ ¸°³¬ª¯¨I {88}.
COM3-3: T©¦ ¢­¨°³ªµ©®’´ £¦©¢·ª°¶³ ª´ ¦¹±­¢ª¯¢£­¦.
Dª´¤¶´´ª°¯: A­¨°³ªµ©®´ ¥¦·¦­°±¦¥ ¶´ª¯¨ ML ¢±±³°¢¤©¦´ ¥° ¯°µ §¦¢µ¶³¦ µ©¦ §°³®¢­, µ³¢¤¦¢£­¦, ©ª¦³¢³¤©ª¤¢­
¥¦¤°®±°´ªµª°¯ °§ ³¦²¶ª³¦®¦¯µ´ µ©¢µ ª´ µº±ª¤¢­ °§ µ³¢¥ªµª°¯¢­ ´¢§¦µº-³¦­¢µ¦¥ ´°§µ¸¢³¦ {8}. T©ª´ ­¢¤¬ °§
µ³¢¤¦¢£­¦ ¥¦¤°®±°´ªµª°¯ ¤°¯µ³ª£¶µ¦´ µ° ¢ ­¢¤¬ °§ ¶¯¥¦³´µ¢¯¥ª¯¨ ³¦¨¢³¥ª¯¨ ©°¸ ¢ ´±¦¤ªfi¤ ±ª¦¤¦ °§ ¢­¨°³ªµ©®
£¦©¢·ª°¶³ ¤°¯µ³ª£¶µ¦´ µ° µ©¦ fi¯¢­ °¶µ±¶µ. E¹±³¦´´¦¥ ¢¯°µ©¦³ ¸¢º, ªµ ª´ ¦¢´º µ° ´¦¦ ¸©¢µ ¢¯ ¢­¨°³ªµ©® ª´
¥°ª¯¨; ªµ ®¢º £¦ ­¦´´ ¦¢´º µ° ´¦¦ ¸©º.
E¹¢®±­¦´: T©¦³¦ ¢³¦ µ¸° ®¢ª¯ ±¦³´±¦¤µª·¦´ µ©¢µ ´©°¶­¥ £¦ ¤°¯´ª¥¦³¦¥ ¸©¦¯ µ©ª¯¬ª¯¨ ¢£°¶µ ¦¹±­¢ª¯ª¯¨
£¦©¢·ª°¶³ {38}:
• E¹±­¢ª¯ª¯¨ ¢ ´ª¯¨­¦ °¶µ±¶µ §³°® ¢¯ ¢­¨°³ªµ©®. A ¯¶®£¦³ °§ ¢±±³°¢¤©¦´ ©¢·¦ £¦¦¯ ±³°±°´¦¥,
ª¯¤­¶¥ª¯¨: µ³¢ª¯ª¯¨ ´ª®±­ªfi¦¥ (©¶®¢¯-¶¯¥¦³´µ¢¯¥¢£­¦I ®°¥¦­´ µ° ³¦±³¦´¦¯µ µ©¦ ¢­¨°³ªµ©®’́ £¦©¢·ª°¶³
§°³ µ©¦ ª¯±¶µ °§ ª¯µ¦³¦´µ {67}; ¢¯¥ ±³°·ª¥ª¯¨ ·ª´¶¢­ ³¦±³¦´¦¯µ¢µª°¯´ {43}.
• E¹±­¢ª¯ª¯¨ ¢­¨°³ªµ©® £¦©¢·ª°¶³ ª¯ ¨¦¯¦³¢­. T©¦³¦ ª´ ¢±±¢³¦¯µ­º ­¦´´ ¸°³¬ ª¯ µ©ª´ ¢³¦¢. Iµ ª´ ¯°µ¢£­¦
µ©¢µ £¦©¢·ª°¶³ ª¯ ¨¦¯¦³¢­ ¤¢¯¯°µ £¦ ¦¹±­¢ª¯¦¥ £º ­°°¬ª¯¨ ¢µ £¦©¢·ª°¶³ ª¯ ¦·¦¯ ¢ ­¢³¨¦ ¯¶®£¦³ °§
ª¯¥ª·ª¥¶¢­ ¤¢´¦´: µ©¦ ¯°¯-­ª¯¦¢³ ¯¢µ¶³¦ °§ ®¢¯º ML-¥¦·¦­°±¦¥ ¢­¨°³ªµ©®´ ®¦¢¯´ ªµ ª´ ¯°µ ¢±±³°±³ª¢µ¦
µ° ¦¹µ³¢±°­¢µ¦ §³°® µ©¦ ´±¦¤ªfi¤ µ° µ©¦ ¨¦¯¦³¢­.
T©¦³¦ ª´, ª¯ ¨¦¯¦³¢­, ¢ µ¦¯´ª°¯ £¦µ¸¦¦¯ ¦¹±­¢ª¯¢£ª­ªµº ¢¯¥ ±¦³§°³®¢¯¤¦. T©¦ °£«¦¤µª·¦ °§ ¦¹±­¢ª¯¢£­¦
£¦©¢·ª°¶³ ´¶¨¨¦´µ´ ¢ ±³¦§¦³¦¯¤¦ §°³ ­°¸-¤°®±­¦¹ªµº ¢±±³°¢¤©¦´ £¶µ, ª¯ ª´°­¢µª°¯, µ©¦´¦ ¢±±³°¢¤©¦´ ®¢º
¯°µ £¦ ¢£­¦ µ° ¢¤©ª¦·¦ µ©¦ ³¦²¶ª³¦¥ ­¦·¦­ °§ ±¦³§°³®¢¯¤¦. C°®£ª¯ª¯¨ ´¦·¦³¢­ ¢­¨°³ªµ©®´, ¦ªµ©¦³ ª¯ ´¦³ª¦´ °³
ª¯ ±¢³¢­­¦­, ®¢º £¦ ¢ ´¶ªµ¢£­¦ ¸¢º §°³¸¢³¥.
D¦±¦¯¥ª¯¨ °¯ µ©¦ ¸¢º µ©¦ ¢­¨°³ªµ©® ª´ ¶´¦¥, µ©¦ ¯¦¦¥ µ° ¦¹±­¢ª¯ µ©¦ ¢­¨°³ªµ©®’́ £¦©¢·ª°¶³, ¸©ª¤© ª´
¢¯ ª®±°³µ¢¯µ ±¢³µ °§ ¢¯º ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ, ®¢º ©¢·¦ µ° £¦ £¢­¢¯¤¦¥ ¢¨¢ª¯´µ µ©¦
±°´´ª£­¦ ¦ff¦¤µ´ ¢¯ ¦¹±­¢¯¢µª°¯ ®¢º ©¢·¦. C°¯´ª¥¦³, §°³ ¦¹¢®±­¦, ¢ ®¦¥ª¤¢­ ¥ª¢¨¯°´ª´ ´º´µ¦® µ©¢µ ¶´¦´
¥°¤µ°³ ’́ ¯°µ¦´ ¢´ °¯¦ °§ ®¢¯º ª¯±¶µ´. I§ µ©¦ ¥°¤µ°³´ ¸¦³¦ ª¯§°³®¦¥ µ©¢µ ¶´ª¯¨ ¢ ±¢³µª¤¶­¢³ ¸°³¥ (¦.¨.,
“¶¯¶´¶¢­”I ¸¢´ ¢ ´ª¨¯ªfi¤¢¯µ µ³ª¨¨¦³ §°³ ¢ ±¢³µª¤¶­¢³ ¥¦¤ª´ª°¯ §³°® µ©¦ ¢­¨°³ªµ©®, µ©ª´ ®¢º ¤©¢¯¨¦ µ©¦ ¸¢º
µ©¦º ¸³ªµ¦ µ©¦ª³ ¯°µ¦´ (¸©ª¤© ¸°¶­¥ £¦ ¢ §°³® °§ ¥ª´µ³ª£¶µª°¯ ´©ª§µ, ´° O£«¦¤µª·¦ COM1-4 ª´ ³¦­¦·¢¯µI. W©ª­´µ
µ©ª´ ª´ ¢ ±­¢µ§°³®-­¦·¦­ ¤°¯´ª¥¦³¢µª°¯, ªµ ª´ ª¯§°³®¦¥ £º ¤°®±¶µ¢µª°¯-­¦·¦­ ¬¯°¸­¦¥¨¦.






































(°³ ¦µ©ª¤¢­I §¢¤µ°³´ µ©¢µ ¢ff¦¤µ µ©¦ ¦¹µ¦¯µ µ° ¸©ª¤© ¢¯ ¢­¨°³ªµ©®’́ £¦©¢·ª°¶³ ©¢´ µ° £¦ ¦¹±­¢ª¯¦¥ {83}.
COM3-4: P°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´ ª´ ´¶±±°³µ¦¥.
Dª´¤¶´´ª°¯: T©¦ ±³°¤¦´´ °§ ¢ª³ ¢¤¤ª¥¦¯µ ª¯·¦´µª¨¢µª°¯ ª´, ¢³¨¶¢£­º, °¯¦ °§ µ©¦ ®¢ª¯ ³¦¢´°¯´ µ©¢µ ¢ª³ µ³¢·¦­ ª´
¤°®±¢³¢µª·¦­º ´¢§¦. Gª·¦¯ µ©¦ ³¦­¢µª·¦ ª®®¢µ¶³ªµº °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´, ¢¯¢­º´ª´ °§ ª¯¤ª¥¦¯µ´ (ª¯¤­¶¥ª¯¨
µ©°´¦ µ©¢µ ¥° ¯°µ ³¦´¶­µ ª¯ ¢¯ ¢¤¤ª¥¦¯µI ª´ ­ª¬¦­º µ° ®¢¬¦ ¢ ´ª¨¯ªfi¤¢¯µ ¤°¯µ³ª£¶µª°¯ µ° ´¢§¦µº ª¯ µ©ª´ fi¦­¥.
C°¯´¦²¶¦¯µ­º, µ©¦ ¢­¨°³ªµ©® ª´ ¦¹±¦¤µ¦¥ µ° ´¶±±°³µ ±°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´.
E¹¢®±­¦´: T©ª´ °£«¦¤µª·¦ ª´ ³¦­¢µ¦¥ µ° O£«¦¤µª·¦ COM3-3 ª¯ µ©¢µ ¦¹±­¢¯¢µª°¯ °§ ¢ ´ª¯¨­¦ ³¦´¶­µ (°³ ¢ ´®¢­­
¯¶®£¦³ °§ ³¦´¶­µ´I §³°® µ©¦ ¢­¨°³ªµ©® ¸ª­­ £¦ ¢¯ ª®±°³µ¢¯µ ±¢³µ °§ µ©¦ ±°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´. H°¸¦·¦³,
´¶ffi¤ª¦¯µ ª¯§°³®¢µª°¯ ¯¦¦¥´ µ° £¦ ³¦¤°³¥¦¥ µ° ¢­­°¸ µ©¦ ¢­¨°³ªµ©®’́ £¦©¢·ª°¶³ µ° £¦ ³¦¤°¯´µ³¶¤µ¦¥ ¢§µ¦³
µ©¦ ª¯¤ª¥¦¯µ. T©ª´ ®¢º ª¯·°­·¦ ´µ°³ª¯¨ ª¯µ¦³¯¢­ ´µ¢µ¦ ª¯§°³®¢µª°¯, ª¯¤­¶¥ª¯¨ ¢¯º ¥¢µ¢ ¶´¦¥ µ° ´¶±±°³µ
¯°¯-¥¦µ¦³®ª¯ª´µª¤ ¤©°ª¤¦´ ¸ªµ©ª¯ µ©¦ ¢­¨°³ªµ©®.
S°®¦ ¢´±¦¤µ´ °§ µ©ª´ (¦.¨., ±³°·ª´ª°¯ °§ ´¶ffi¤ª¦¯µ ´µ°³¢¨¦ ´±¢¤¦I ¢³¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ °³
±­¢µ§°³®-­¦·¦­ ª´´¶¦´. Oµ©¦³ ¢´±¦¤µ´ ®¢º ¢ff¦¤µ £°µ© µ©¦ ±­¢µ§°³® ¢¯¥ µ©¦ ¢­¨°³ªµ©®: §°³ ¦¹¢®±­¦, ¢
³¦²¶ª³¦®¦¯µ µ° ´¶±±°³µ ±°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´ §°³ ¢¯ºµ©ª¯¨ µ©¢µ ©¢´ °¤¤¶³³¦¥ ´°®¦µª®¦ ª¯ µ©¦ ­¢´µ 30 ¥¢º´
®¢º ¥³ª·¦ ¢ ¥ªff¦³¦¯µ ¢­¨°³ªµ©® ¥¦´ª¨¯ µ° ¢ ³¦²¶ª³¦®¦¯µ µ° ´¶±±°³µ ª¯·¦´µª¨¢µª°¯´ °·¦³ ¢ 30-´¦¤°¯¥ ±¦³ª°¥.
A ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ¥¦®°¯´µ³¢µ¦ µ©¢µ ±°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´
¤¢¯ £¦ ¤°¯¥¶¤µ¦¥. O¯¦ ¸¢º µ©ª´ ®¢º £¦ ¢¤©ª¦·¦¥ ª´ £º µ³¦¢µª¯¨ ¥ª´¤°·¦³ª¦´ ¥¶³ª¯¨ ¥¦·¦­°±®¦¯µ ¢¯¥ µ¦´µª¯¨
¢´ ±´¦¶¥°-ª¯¤ª¥¦¯µ´ ¢¯¥ ¤°¯fi³®ª¯¨ µ©¢µ ´¶ffi¤ª¦¯µ ª¯§°³®¢µª°¯ ¸¢´ ³¦¤°³¥¦¥ µ° ´¶±±°³µ ±°´µ-ª¯¤ª¥¦¯µ
¢¯¢­º´ª´.
3.4 S°§µ¸¢³¦
A¯º ¢­¨°³ªµ©® ¸ª­­ ³¦­º °¯ ´°§µ¸¢³¦. C°¯´¦²¶¦¯µ­º, ´°§µ¸¢³¦ ¯¦¦¥´ µ° £¦ ¤°¯´ª¥¦³¦¥ ª¯ ¢ ¤°®±¶µ¢µª°¯-­¦·¦­
¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ. T©¦ ´°§µ¸¢³¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¥¦·¦­°±®¦¯µ °§ µ©¦ ¢­¨°³ªµ©® ª´ ­ª¬¦­º µ° £¦ ¥ªff¦³¦¯µ
µ° µ©¦ ´°§µ¸¢³¦ ¦®±­°º¦¥ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦. C°¯´¦²¶¦¯µ­º, ªµ ª´ ©¦­±§¶­ µ° ¤°¯´ª¥¦³ °£«¦¤µª·¦´ ª¯ µ©¦
´°§µ¸¢³¦ ±³°«¦¤µª°¯ §³°® £°µ© ¥¦·¦­°±®¦¯µ ¢¯¥ °±¦³¢µª°¯¢­ ¶´¦ ±¦³´±¦¤µª·¦´.
T©¦³¦ ¢³¦ µ¸° °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
COM4-1: T©¦ ´°§µ¸¢³¦ ª´ ¥¦·¦­°±¦¥ ¢¯¥ ®¢ª¯µ¢ª¯¦¥ ¶´ª¯¨ ¢±±³°±³ª¢µ¦ ´µ¢¯¥¢³¥´.
Dª´¤¶´´ª°¯: E·¦¯ µ©°¶¨© ´¶±±°³µª¯¨ ­ª£³¢³ª¦´, °³ µ°°­ ¬ªµ´, ¢³¦ ¢·¢ª­¢£­¦, ¢µ ´°®¦ ±°ª¯µ ¢¯ ¢­¨°³ªµ©® ¸ª­­
¢­®°´µ ¤¦³µ¢ª¯­º ³¦­º °¯ ´°®¦ µ³¢¥ªµª°¯¢­-´µº­¦ ´°§µ¸¢³¦ (¦.¨., £¦¤¢¶´¦ µ©ª´ ª´ ¸©¢µ µ©¦ ´¶±±°³µª¯¨ ­ª£³¢³º ª´
ª®±­¦®¦¯µ¦¥ ª¯I. F¢¶­µ´ ª¯ µ©ª´ ´°§µ¸¢³¦ ©¢·¦ µ©¦ ±°µ¦¯µª¢­ µ° ¶¯¥¦³®ª¯¦ ¢¯ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ.
E¹¢®±­¦´: M¶¤© °§ µ©ª´ °£«¦¤µª·¦ ª´ ­ª¬¦­º µ° £¦ ¢¥¥³¦´´¦¥ µ©³°¶¨© µ©¦ ¶´¦ °§ ¢¯ ¦¹ª´µª¯¨ ´µ¢¯¥¢³¥
§°³ ´¢§¦µº-¤³ªµª¤¢­ ´°§µ¸¢³¦ ¥¦·¦­°±®¦¯µ (¦.¨., {69}I. T©ª´ ´©°¶­¥ ©¦­± ±³¦·¦¯µ µº±ª¤¢­ ¦³³°³´ (¦.¨., ª¯µ¦¨¦³
°·¦³fl°¸I §³°® £¦ª¯¨ ª¯µ³°¥¶¤¦¥. T©¦³¦ ¢³¦, ©°¸¦·¦³, ¢ ¯¶®£¦³ °§ ¢³¦¢´ ¸©¦³¦ ¢¯ ¦¹ª´µª¯¨ ´µ¢¯¥¢³¥ ®¢º
¯°µ £¦ ´µ³¢ª¨©µ§°³¸¢³¥ µ° ¢±±­º.
Fª³´µ­º, ¨¦¯¦³¢­­º ´±¦¢¬ª¯¨, ´¶±±°³µª¯¨ ­ª£³¢³ª¦´ ¢³¦ ¯°µ ¥¦·¦­°±¦¥ µ° ´¶¤© ³ª¨°³°¶´ ´µ¢¯¥¢³¥´. T©¦³¦ ¢³¦
´¦·¦³¢­ ±°µ¦¯µª¢­ ¢±±³°¢¤©¦´ µ° µ©ª´ ¤©¢­­¦¯¨¦. F°³ ¦¹¢®±­¦, ªµ ®¢º £¦ ±°´´ª£­¦ µ° ±³°·ª¥¦ ¢¥¥ªµª°¯¢­





































µ° ¤°®±¢³¦ µ©¦ ³¦´¶­µ´ §³°® ¥ªff¦³¦¯µ (ª¯¥¦±¦¯¥¦¯µ­º ¥¦·¦­°±¦¥I ­ª£³¢³ª¦´ {75}. Iµ ®¢º ¢­´° £¦ ±°´´ª£­¦
µ° ³¦-ª®±­¦®¦¯µ µ©¦ ML ¢­¨°³ªµ©® §³°® ´¤³¢µ¤© (¦.¨., ¶´¦ ¢ ­ª£³¢³º µ° ª¯·¦´µª¨¢µ¦ ®¶­µª±­¦ ¢­¨°³ªµ©®´,
µ©¦¯ ³¦-ª®±­¦®¦¯µ °¯­º µ©¦ ¤©°´¦¯ °¯¦I. W©¢µ¦·¦³ ¢±±³°¢¤© ª´ ¢¥°±µ¦¥, ¢ ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦
¢³¨¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ±³°·ª¥¦ ¢ «¶´µªfi¤¢µª°¯ ¢´ µ° ¸©º ¢¯º ´¶±±°³µª¯¨ §³¢®¦¸°³¬ ª´ ´¶ªµ¢£­¦.
S¦¤°¯¥­º, µ©¦ ±¦³·¢´ª·¦ ¯¢µ¶³¦ °§ µ©¦ §³¢®¦¸°³¬ ®¦¢¯´ ªµ ª´ ª¯¢±±³°±³ª¢µ¦ µ° µ³¦¢µ ªµ ¢´ S°§µ¸¢³¦ °§
U¯¤¦³µ¢ª¯ P¦¥ª¨³¦¦ (SOUPI {49}. I¯ ±¢³µª¤¶­¢³, ªµ ª´ ¯°µ ±°´´ª£­¦ µ° ±¶µ µ©¦ §³¢®¦¸°³¬ ª¯ ¢ £°¶¯¥¦¥,
±³°µ¦¤µ¦¥ ¦¯·ª³°¯®¦¯µ ¢¯¥ ¤¢³¦§¶­­º ®°¯ªµ°³ µ©¦ ª¯±¶µ´ ¢¯¥ °¶µ±¶µ´ µ° µ©¢µ ¦¯·ª³°¯®¦¯µ.
T©ª³¥­º, ³¢µ©¦³ µ©¢¯ ¥¦·¦­°±ª¯¨ ¢¯ ¢­¨°³ªµ©® §³°® ´¤³¢µ¤©, ´ª¨¯ªfi¤¢¯µ ´¢·ª¯¨´ ®ª¨©µ £¦ ¢¤©ª¦·¦¥ £º ´µ¢³µª¯¨
¸ªµ© ¢ ±³¦-µ³¢ª¯¦¥ ®°¥¦­. H°¸¦·¦³, µ©¦³¦ ª´ ¢ ±°´´ª£ª­ªµº µ©¢µ µ©¦´¦ ®°¥¦­´ ¤°¶­¥ ª¯¤­¶¥¦ £¢¤¬¥°°³´ µ©¢µ
¤¢¶´¦ µ©¦ ®°¥¦­ µ° ¦¹©ª£ªµ ª¯¢±±³°±³ª¢µ¦ £¦©¢·ª°¶³ ª¯ ·¦³º ´±¦¤ªfi¤ ¤ª³¤¶®´µ¢¯¤¦´ {37}. T©¦ ¯¢µ¶³¦ °§
µ©¦´¦ £¢¤¬¥°°³´ ®¦¢¯´ ªµ ª´ ¶¯­ª¬¦­º µ©¢µ µ©¦º ¸ª­­ £¦ ¥ª´¤°·¦³¦¥ ´ª®±­º £º ³¶¯¯ª¯¨ µ¦´µ´ µ©³°¶¨© µ©¦
®°¥¦­. C°¯´¦²¶¦¯µ­º, ¢¯º ¶´¦ °§ ±³¦-µ³¢ª¯¦¥ ®°¥¦­´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¦¹±­ª¤ªµ­º «¶´µªfi¦¥ ª¯ ¢¯º
¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ. F°³ ¦¹¢®±­¦, ±³¦-µ³¢ª¯¦¥ ®°¥¦­´ ´©°¶­¥ £¦ °£µ¢ª¯¦¥ §³°® µ³¶´µ¦¥
´°¶³¤¦´, ¶´ª¯¨ ¢ ¥ª´µ³ª£¶µª°¯ ®¦¤©¢¯ª´® µ©¢µ ±³°·ª¥¦´ ´µ³°¯¨ ¨¶¢³¢¯µ¦¦´ °¯ ª¯µ¦¨³ªµº.
COM4-2: S°§µ¸¢³¦ ®ª´£¦©¢·ª°¶³ ¥°¦´ ¯°µ ³¦´¶­µ ª¯ ª¯¤°³³¦¤µ °¶µ±¶µ´ §³°® µ©¦ ¢­¨°³ªµ©®.
Dª´¤¶´´ª°¯: G¦¯¦³¢­­º ´±¦¢¬ª¯¨, ®°´µ ´¢§¦µº-³¦­¢µ¦¥ ´º´µ¦®´ µ©¢µ ¶´¦ ´°§µ¸¢³¦ ª¯¤­¶¥¦ ±³°µ¦¤µª°¯´ ¢¨¢ª¯´µ
´°§µ¸¢³¦ §¢ª­¶³¦´ °³, ¦²¶ª·¢­¦¯µ­º, ¤¢´¦´ ¸©¦³¦ µ©¦ ´°§µ¸¢³¦ ¥°¦´ ¯°µ £¦©¢·¦ ¢´ ¦¹±¦¤µ¦¥. T©ª´ ±³¦·¦¯µ´
¦³³°³´ ±³°±¢¨¢µª¯¨ µ©³°¶¨© µ©¦ ´º´µ¦® ¢¯¥ ¢­­°¸´ ³¦´µ°³¢µª·¦ ®¦¢´¶³¦´ µ° £¦ ª®±­¦®¦¯µ¦¥ (¦.¨., ³¦´µ¢³µª¯¨
¢¯ ¢±±­ª¤¢µª°¯I. T©¦ ¬¦º ª´´¶¦ ª´ µ©¢µ ´°§µ¸¢³¦ ®ª´£¦©¢·ª°¶³ ª´ ¥¦µ¦¤µ¦¥ ¢¯¥ ³¦´±°¯¥¦¥ µ° {65}.
E¹¢®±­¦´: A­¨°³ªµ©®´ ¥¦·¦­°±¦¥ ¶´ª¯¨ ML ¢±±³°¢¤©¦´ ¥° ¯°µ §¢ª­ (°³ ®ª´£¦©¢·¦I ª¯ µ©¦ ´¢®¦ ¸¢º ¢´
µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦. I¯ ±¢³µª¤¶­¢³, ªµ ª´ ¯°µ ¢±±¢³¦¯µ µ©¢µ ¢­­ §¢ª­¶³¦´ ¸ª­­ £¦ ³¦¢¥ª­º ¥¦µ¦¤µ¢£­¦ §³°® °¶µ´ª¥¦
µ©¦ ¢­¨°³ªµ©®. H¦¯¤¦, µ©¦³¦ ®¢º £¦ £¦¯¦fiµ ª¯ ª¯¤­¶¥ª¯¨ ´°®¦ §°³® °§ B¶ª­µ-I¯ T¦´µ (BITI ª¯ µ©¦ ¢­¨°³ªµ©®,
¸©ª¤© ±³°·ª¥¦´ ¤°¯fi¥¦¯¤¦ µ©¢µ ªµ ª´ °±¦³¢µª¯¨ ¢´ ¦¹±¦¤µ¦¥ {74}.
S°®¦ ¢­¨°³ªµ©®´ ®¢º ±³°·ª¥¦ ¢ ®¦¢´¶³¦ °§ ¤°¯fi¥¦¯¤¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ª³ °¶µ±¶µ. T©¢µ ª´, ³¢µ©¦³ µ©¢¯
´ª®±­º ¤­¢´´ª§ºª¯¨ ¢¯ ª®¢¨¦ ¢´ ¢ “¤¢µ”, µ©¦ ª¯§°³®¢µª°¯ ±³°·ª¥¦¥ ®¢º £¦ ¢ 75% ¤°¯fi¥¦¯¤¦ µ©¦ ª®¢¨¦ ª´ ¢
“¤¢µ”, ¢ 13% ¤°¯fi¥¦¯¤¦ µ©¦ ª®¢¨¦ ª´ ¢ “¥°¨”, ¢¯¥ ´° °¯. W©ª­´µ ªµ ®¢º £¦ ©¦­±§¶­ ª¯ ´°®¦ ¤ª³¤¶®´µ¢¯¤¦´,
µ©ª´ ®¢º ¯°µ £¦ ´¶ffi¤ª¦¯µ µ° §¶­­º ¢¥¥³¦´´ µ©ª´ °£«¦¤µª·¦, ¯°µ ­¦¢´µ £¦¤¢¶´¦ ¢¥·¦³´¢³ª¢­ ¦¹¢®±­¦´ ´©°¸ NN
¤¢¯ £¦ ¤°¯fi¥¦¯µ ª¯ µ©¦ª³ °¶µ±¶µ º¦µ ´µª­­ ¸³°¯¨ {78}.
3.5 H¢³¥¸¢³¦
I¯ °³¥¦³ µ° §¶¯¤µª°¯, ¢¯º ¢­¨°³ªµ©® ¸ª­­ ³¦­º °¯ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦. C°¯´¦²¶¦¯µ­º, ©¢³¥¸¢³¦ ¯¦¦¥´ µ°
£¦ ¤°¯´ª¥¦³¦¥ ª¯ ¢ ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ. T©¦ ©¢³¥¸¢³¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¥¦·¦­°±®¦¯µ °§
µ©¦ ¢­¨°³ªµ©® ª´ ­ª¬¦­º µ° £¦ ¥ªff¦³¦¯µ µ° µ©¦ ©¢³¥¸¢³¦ ¦®±­°º¦¥ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦. C°¯´¦²¶¦¯µ­º, ªµ
ª´ ©¦­±§¶­ µ° ¤°¯´ª¥¦³ °£«¦¤µª·¦´ ª¯ µ©¦ ©¢³¥¸¢³¦ ±³°«¦¤µª°¯ §³°® £°µ© ¥¦·¦­°±®¦¯µ ¢¯¥ °±¦³¢µª°¯¢­ ¶´¦
±¦³´±¦¤µª·¦´.
T©¦³¦ ¢³¦ µ¸° °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
COM5-1: A±±³°±³ª¢µ¦ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ ´µ¢¯¥¢³¥´ ¢³¦ ¦®±­°º¦¥.





































©¢³¥¸¢³¦. T©ª´ ©¢³¥¸¢³¦ ¯¦¦¥´ µ° £¦ ¤°¯´ª¥¦³¦¥ ª¯ ¢ ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ.
E¹¢®±­¦´: A¨¢ª¯, ´ª®ª­¢³ µ° O£«¦¤µª·¦ COM4-1, ®¶¤© °§ µ©ª´ °£«¦¤µª·¦ ®¢º £¦ ¢¥¥³¦´´¦¥ £º ¦¹ª´µª¯¨
´µ¢¯¥¢³¥´ (¦.¨., {68}I. I¯ ´°®¦ ¤¢´¦´ µ©ª´ ®¢º £¦ ´µ³¢ª¨©µ§°³¸¢³¥; ª¯ °µ©¦³´, µ©¦ ´±¦¤ª¢­ª´µ, ¤°®±­¦¹ ¯¢µ¶³¦
°§ µ©¦ ©¢³¥¸¢³¦ ®¢º ±°´¦ ¤©¢­­¦¯¨¦´. F°³ ¦¹¢®±­¦, µ©ª´ ©¢³¥¸¢³¦ ¤°¶­¥ ª¯¤­¶¥¦ GPU´ °³ TPU´, ¶´¦¥ §°³
®¢´´ª·¦­º ±¢³¢­­¦­ ¤¢­¤¶­¢µª°¯´; ¢­µ¦³¯¢µª·¦­º, ªµ ®¢º ª¯·°­·¦ ¢ ¤°®±­¦¹ Sº´µ¦®-°¯-C©ª± (S°CI, §¦¢µ¶³ª¯¨ ¢
¤°®£ª¯¢µª°¯ °§ ±³°¤¦´´°³ ¤°³¦´, GPU´ (°³ TPU´I ¢¯¥ £¦´±°¬¦ ¤°®±°¯¦¯µ´ (¦.¨., ·ª¥¦° ¤°¥¦³´ / ¥¦¤°¥¦³´I.
I§ ¯°·¦­, °³ ¤°®±­¦¹, ©¢³¥¸¢³¦ ª´ ª¯·°­·¦¥ µ©¦¯ ªµ ®¢º £¦ ¯¦¤¦´´¢³º µ° ¶¯¥¦³´µ¢¯¥ µ©¦ ¦¹µ¦¯µ µ° ¸©ª¤© µ©¦
£¦©¢·ª°¶³ °§ µ©ª´ ©¢³¥¸¢³¦ ª´ ±³¦¥ª¤µ¢£­¦. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ¤°¶­¥ £¦ ª¯§°³®¦¥ £º ³¦¤¦¯µ ¦¹±¦³ª¦¯¤¦
¸ªµ© ®¶­µª-¤°³¦ ±³°¤¦´´°³´ {29}.
COM5-2: H¢³¥¸¢³¦ ®ª´£¦©¢·ª°¶³ ¥°¦´ ¯°µ ³¦´¶­µ ª¯ ª¯¤°³³¦¤µ °¶µ±¶µ´ §³°® µ©¦ ¢­¨°³ªµ©®.
Dª´¤¶´´ª°¯: T©¦³¦ ¢³¦ ´¦·¦³¢­ ³¦¢´°¯´ ¸©º ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ ®¢º ¯°µ £¦©¢·¦ ¢´ ¦¹±¦¤µ¦¥;
Sª¯¨­¦ E·¦¯µ U±´¦µ´ (SEU´I ¢³¦ °¯¦ ¦¹¢®±­¦. A¯°µ©¦³ ¢´±¦¤µ, ´±¦¤ªfi¤ µ° ¢­¨°³ªµ©®´ ¥¦·¦­°±¦¥ ¶´ª¯¨
ML µ¦¤©¯ª²¶¦´, ª´ ¥ªff¦³¦¯¤¦´ ª¯ ¥¦·¦­°±®¦¯µ ©¢³¥¸¢³¦ ¢¯¥ °±¦³¢µª°¯¢­ ©¢³¥¸¢³¦ (¸©ª¤© ®¢º ®¦¢¯ µ©¦
°±¦³¢µª°¯¢­ ±¦³§°³®¢¯¤¦ ¥ªff¦³´ §³°® ¸©¢µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥I.
E¹¢®±­¦´: A¯º ¤°®±¶µ¢µª°¯-­¦·¦­ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ¤°¯´ª¥¦³ µ©¦ ±°´´ª£ª­ªµº
°§ ©¢³¥¸¢³¦ ®ª´£¦©¢·ª°¶³ ¢¯¥ °ff¦³ ±³°µ¦¤µª°¯´ ¢¨¢ª¯´µ ªµ. T©ª´ ª¯¤­¶¥¦´ SEU´. Iµ ¢­´° ª¯¤­¶¥¦´ µ©¦
¦ff¦¤µ °§ ¥ªff¦³¦¯µ ¯¶®¦³ª¤¢­ ±³¦¤ª´ª°¯´ £¦ª¯¨ ¶´¦¥ °¯ ¥¦·¦­°±®¦¯µ ¢¯¥ °±¦³¢µª°¯¢­ ©¢³¥¸¢³¦, ¢´ ¸¦­­
¢´ µ©¦ ±°´´ª£ª­ªµº °§ ¯°¯-¥¦µ¦³®ª¯ª´µª¤ £¦©¢·ª°¶³ °¯ GPU´, ¦·¦¯ ª§ µ©¦ ¢­¨°³ªµ©® ¥°¦´ ¯°µ §¦¢µ¶³¦
¯°¯-¥¦µ¦³®ª¯ª´µª¤ ¤°®±°¯¦¯µ´ {63}.
C°¯´ª¥¦³¢µª°¯´ ³¦­¢µª¯¨ µ° Sª»¦, W¦ª¨©µ ¢¯¥ P°¸¦³ (SW¢PI ®¢º®¦¢¯ µ©¦ ¤°®±¶µ¢µª°¯ ©¢³¥¸¢³¦ ¶´¦¥ µ° ³¶¯
µ©¦ ¢­¨°³ªµ©® ª´ ¢­´° ¶´¦¥ §°³ °µ©¦³ ±¶³±°´¦´. I¯ ´¶¤© ¤¢´¦´, µ©¦ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥
µ° ¥¦®°¯´µ³¢µ¦ ¯¦ªµ©¦³ °§ µ©¦´¦ ¶´¦´ ¸ª­­ ª¯µ¦³§¦³¦ ¸ªµ© µ©¦ °µ©¦³. Sµ¢¯¥¢³¥ ¢±±³°¢¤©¦´ µ° ±¢³µªµª°¯ª¯¨ ¢³¦
­ª¬¦­º µ° £¦ ©¦­±§¶­.
D¦±¦¯¥ª¯¨ °¯ µ©¦ ´º´µ¦®, ¢­­°¤¢µª°¯ °§ ´°§µ¸¢³¦ µ° ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ ®¢º £¦ fi¹¦¥ ¢µ ¥¦´ª¨¯ µª®¦
°³ ªµ ®¢º £¦ ¥º¯¢®ª¤¢­­º ¢­­°¤¢µ¦¥, ±°´´ª£­º ¤©¢¯¨ª¯¨ ¥¶³ª¯¨ °±¦³¢µª°¯. I¯ ¦ªµ©¦³ ¤¢´¦, ¢ ¤°®±¶µ¢µª°¯-­¦·¦­
¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ¥¦®°¯´µ³¢µ¦ µ©¢µ ´¶ffi¤ª¦¯µ ³¦´°¶³¤¦´ ¸ª­­ £¦ ¢·¢ª­¢£­¦ µ° ¢­­°¸











4 A¶µ°¯°®º A³¤©ªµ¦¤µ¶³¦-L¦·¦­ F³¢®¦¸°³¬: D¦´¤³ª±µª°¯
T©ª´ ´¦¤µª°¯ ¥¦´¤³ª£¦´ µ©¦ §³¢®¦¸°³¬ ¢¥°±µ¦¥ £º µ©¦ SASWG §°³ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­
¤°¯´ª¥¦³¢µª°¯´. Iµ ª´ ©¦¢·ª­º £¢´¦¥ °¯ µ©¦ ¤°¯´ª¥¦³¢µª°¯´ ¥ª´¤¶´´¦¥ ª¯ {6}. U¯­ª¬¦ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­
§³¢®¦¸°³¬ (S¦¤µª°¯ 2I ¢¯¥ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ (S¦¤µª°¯ 6I µ©¦³¦ ¢³¦ ¯° °£·ª°¶´ ¤°®±¢³¢µ°³ ªµ¦®´
µ©¢µ ¤¢¯ £¦ ¶´¦¥ µ° ´¶±±°³µ µ©¦ ¤©°ª¤¦ °§ µ©ª´ §³¢®¦¸°³¬. H°¸¦·¦³, ´°®¦ ¤°¯fi¥¦¯¤¦ ¤¢¯ £¦ ¨¢ª¯¦¥ £º µ©¦
°·¦³¢­­ ¤°®±¢³ª´°¯ °§ °£«¦¤µª·¦´ ¸ªµ© ¤°¯µ¦¯µ´ °§ µ©¦ AAIP BOK {41} (ª¯ A±±¦¯¥ª¹ DI ¢¯¥ µ©¦ ®¢ª¯ ´¦¤µª°¯
©¦¢¥ª¯¨´ ª¯ UL4600 {82} (ª¯ A±±¦¯¥ª¹ EI.
T©¦ §³¢®¦¸°³¬ ¤°¯´ª´µ´ °§ µ©³¦¦ ±³°«¦¤µª°¯´, ¦¢¤© °§ ¸©ª¤© ·ª¦¸´ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦’́ ±³°±¦³µª¦´
¢­°¯¨ ¢ ¥ªff¦³¦¯µ ¢¹ª´. T©¦ ±³°«¦¤µª°¯´ ¢³¦ ¯°µ ª¯µ¦¯¥¦¥ µ° £¦ ´µ³ª¤µ­º ª¯¥¦±¦¯¥¦¯µ: µ©¦º ±³°·ª¥¦
¥ªff¦³¦¯µ ¸¢º´ °§ ·ª¦¸ª¯¨ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦, ª¯ °³¥¦³ µ° ¦­ª¤ªµ ¢´´°¤ª¢µ¦¥ °£«¦¤µª·¦´. T° §¢¤ª­ªµ¢µ¦
¥ª´¤¶´´ª°¯, µ©¦ ±³°«¦¤µª°¯´ ©¢·¦ £¦¦¯ ¢³³¢¯¨¦¥ ª¯ ¢¯ ¢±±³°¹ª®¢µ¦ °³¥¦³, ¸°³¬ª¯¨ §³°® µ©ª¯¨´ ®°³¦
¤­°´¦­º ¢´´°¤ª¢µ¦¥ ¸ªµ© ¢¯ ª¯¥ª·ª¥¶¢­ ¤°®±¶µ¢µª°¯ µ° ®°³¦ ¨¦¯¦³¢­ ¤°¯´ª¥¦³¢µª°¯´, ´±¦¤ªfi¤¢­­º: µ°­¦³¢¯¤¦;
ª¯§°³®¢µª°¯ ±³°·ª´ª°¯; ¢¯¥ ¢¥¢±µ¢µª°¯. E¢¤© °§ µ©¦´¦ ±³°«¦¤µª°¯´ ª´ ¤°¯´ª¥¦³¦¥, ª¯ µ¶³¯, ª¯ µ©¦ §°­­°¸ª¯¨
´¶£´¦¤µª°¯´. T©¦ ´¦¤µª°¯ ¤°¯¤­¶¥¦´ ¸ªµ© ¢ £³ª¦§ µ¢£¶­¢³ ´¶®®¢³º °§ µ©¦ ¦¯µª³¦ §³¢®¦¸°³¬.
4.1 P³°«¦¤µª°¯´
4.1.1 T°­¦³¢¯¤¦
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´, ³¦­¢µ¦¥ µ° µ©¦ ¤°®±¶µ¢µª°¯, µ©¢µ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦
®¶´µ µ°­¦³¢µ¦.
T©ª´ ¤°·¦³´ ´ªµ¶¢µª°¯´ ¸©¦³¦: µ©¦ ¤°®±¶µ¢µª°¯ ª¯±¶µ´ ¢³¦ ª¯·¢­ª¥ (´°, §°³ ¦¹¢®±­¦, µ©¦º ¤¢¯¯°µ £¦ ¶´¦¥ §°³
¢­µ¦³¯¢µª·¦, ¯°¯-AI £¢´¦¥ ¢±±³°¢¤©¦´I; µ©¦ ¤°®±¶µ¢µª°¯ ª¯±¶µ´ ¢³¦ ·¢­ª¥ £¶µ µ©¦º ¢³¦ °¶µ´ª¥¦ µ©¦ ¥°®¢ª¯ °§
µ©¦ ¤°®±¶µ¢µª°¯ (´°, ­ª®ªµ¦¥ ¤°¯fi¥¦¯¤¦ ¤¢¯ £¦ ¨¢ª¯¦¥ §³°® ±³¦·ª°¶´­º-¤°¯¥¶¤µ¦¥ µ¦´µª¯¨ ¢¯¥ ·¦³ªfi¤¢µª°¯I;
¢¯¥ µ©¦ ¤°®±¶µ¢µª°¯ °¶µ±¶µ ª´ ª¯·¢­ª¥. Iµ ª¯·°­·¦´ ®°¯ªµ°³ª¯¨ ·¢³ª°¶´ ¢´±¦¤µ´, ª¯¤­¶¥ª¯¨ µ©¦ ©¦¢­µ© °§
´¶£-´º´µ¦®´ µ©¢µ ±³°·ª¥¦ ¤°®±¶µ¢µª°¯ ª¯±¶µ´ (¦.¨., ·¦©ª¤­¦-£¢´¦¥ ´¦¯´°³´I ¢¯¥ µ©¦ ª¯µ¦³¯¢­ ±³°±¦³µª¦´ °§
µ©¦ ¤°®±¶µ¢µª°¯.
4.1.2 I¯§°³®¢µª°¯ P³°·ª´ª°¯
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ µ©¦ ¸¢º µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ ³¦¤°³¥´ ¢¯¥ ®¢ª¯µ¢ª¯´ ª¯§°³®¢µª°¯ ´° ªµ ¤¢¯
£¦ ±³°·ª¥¦¥ µ° ³¦­¦·¢¯µ ´µ¢¬¦©°­¥¦³´.
T©ª´ ª¯§°³®¢µª°¯ ®¢º £¦ ¶´¦¥ ª¯ ¢ ·¢³ª¦µº °§ ¸¢º´, ª¯¤­¶¥ª¯¨: ¤°®®¶¯ª¤¢µª¯¨ ¸ªµ© °µ©¦³ ¦¯µªµª¦´ ª¯ µ©¦
°±¦³¢µª°¯¢­ ¦¯·ª³°¯®¦¯µ (¦.¨., ±¦°±­¦ ¢¯¥ ´º´µ¦®´I; ´¶±±°³µª¯¨ ®¢ª¯µ¦¯¢¯¤¦ ¢¯¥ §¶³µ©¦³ ¥¦·¦­°±®¦¯µ
°§ µ©¦ ¤°®±¶µ¢µª°¯ ¢­¨°³ªµ©®; ¢¯¥ §¢¤ª­ªµ¢µª¯¨ ±°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´. N°µ¦ µ©¢µ µ©ª´ ±³°«¦¤µª°¯ ª´ °¯­º
¤°¯¤¦³¯¦¥ ¸ªµ© ®¢¬ª¯¨ ´¶³¦ µ©¦ ³¦²¶ª³¦¥ ª¯§°³®¢µª°¯ ª´ ¢·¢ª­¢£­¦ ¢¯¥ ³¦¢¥º µ° £¦ ¶´¦¥. A¤µ¶¢­ ¶´¦ °§
µ©¦ ª¯§°³®¢µª°¯ ª´ ¢ ±­¢µ§°³®-­¦·¦­ ³¦´±°¯´ª£ª­ªµº.
4.1.3 A¥¢±µ¢µª°¯
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ ®¢¯¢¨¦®¦¯µ ¢¯¥ ¤°¯µ³°­ °§ ¤©¢¯¨¦´ µ° µ©¦ ¢­¨°³ªµ©® ¢§µ¦³ ªµ´ ª¯ªµª¢­ °±¦³¢µª°¯¢­
¶´¦. Iµ ¢­´° ª¯¤­¶¥¦´ ¤©¢¯¨¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ©, §°³ ¦¹¢®±­¦, ´¶±±°³µª¯¨ ´°§µ¸¢³¦ §³¢®¦¸°³¬´ ¢¯¥















































µ©¦ §¶­­ ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¥¦·¦­°±®¦¯µ °§ ¢¯ ¢­¨°³ªµ©® ¶´ª¯¨ ML µ¦¤©¯ª²¶¦´. Iµ ª¯¤­¶¥¦´,
§°³ ¦¹¢®±­¦, ¤°¯´ª¥¦³¢µª°¯´ ³¦­¢µ¦¥ µ° °¯-­ª¯¦ ­¦¢³¯ª¯¨ ¢¯¥ ±³°·ª´ª°¯ °§ ³¦¨¶­¢³ (¦.¨., ¯ª¨©µ­ºI ¶±¥¢µ¦´, ¢´
¸¦­­ ¢´ ¤©¢¯¨¦´ µ° ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦.
4.2 S¶®®¢³º
T¢£­¦ 3 ±³°·ª¥¦´ ¢ £³ª¦§ ´¶®®¢³º °§ µ©¦ µ©³¦¦ ±³°«¦¤µª°¯´ ª¯ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬
µ©¢µ ©¢´ £¦¦¯ ¢¥°±µ¦¥ £º µ©¦ SASWG.




F°¤¶´¦¥ °¯ µ°­¦³¢µª¯¨ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ ª¯
¤°®±¶µ¢µª°¯-³¦­¢µ¦¥ ªµ¦®´
I¯§°³®¢µª°¯ P³°·ª´ª°¯
F°¤¶´¦¥ °¯ ³¦¤°³¥ª¯¨ ¢¯¥ ®¢ª¯µ¢ª¯ª¯¨ ª¯§°³®¢µª°¯ §°³
´¶£´¦²¶¦¯µ ¶´¦
A¥¢±µ¢µª°¯
F°¤¶´¦¥ °¯ ©°¸ ¶±¥¢µ¦´ µ° µ©¦ ¢­¨°³ªµ©® (¢¯¥











5 A¶µ°¯°®º A³¤©ªµ¦¤µ¶³¦-L¦·¦­ F³¢®¦¸°³¬: O£«¦¤µª·¦´
T©ª´ ´¦¤µª°¯ ­ª´µ´ µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¦¢¤© ±³°«¦¤µª°¯ °§ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­
§³¢®¦¸°³¬.
5.1 T°­¦³¢¯¤¦
I¯ °³¥¦³ µ° £¦ ¶´¦¥ ª¯ ¢ ¸ª¥¦³ ´º´µ¦®, ¢¯ ¢¶µ°¯°®º-³¦­¢µ¦¥ ¤°®±¶µ¢µª°¯ (ª.¦., µ©¦ ´°§µ¸¢³¦ ¢¯¥ ©¢³¥¸¢³¦
µ©¢µ ¦®£°¥º ¢¯ ¢­¨°³ªµ©®I ¯¦¦¥´ µ° £¦ ¢£­¦ µ° ¤°±¦ ¸ªµ© µ©¦ ¤°¯´¦²¶¦¯¤¦´ °§ ³¦¢­ ¸°³­¥ ¶´¢¨¦. T©¦´¦
®¢º µ¢¬¦ µ©¦ §°³® °§ §¢¶­µ´ °³ §¢ª­¶³¦´, §°³ ¦¹¢®±­¦, °§ ´¦¯´°³ ´º´µ¦®´ µ©¢µ ±³°·ª¥¦ ª¯±¶µ ¥¢µ¢ §°³ µ©¦
¤°®±¶µ¢µª°¯. A­µ¦³¯¢µª·¦­º, µ©¦º ®¢º °¤¤¶³ ª§ µ©¦ ¢¶µ°¯°®°¶´ ´º´µ¦® ª´ £¦ª¯¨ ¶´¦¥ °¶µ´ª¥¦ ªµ´ ª¯µ¦¯¥¦¥
°±¦³¢µª°¯¢­ ¥°®¢ª¯, µ©³°¶¨© ¥¦­ª£¦³¢µ¦ ¢¥·¦³´¢³ª¢­ ¢¤µª°¯, ª¯µ¦¯µª°¯¢­ ¶´¦³ ¢¤µª°¯ °³ ¶¯¢¯µª¤ª±¢µ¦¥
¦¯·ª³°¯®¦¯µ¢­ ¦·¦¯µ´
R¦¨¢³¥­¦´´ °§ ©°¸ µ©¦º °¤¤¶³, µ©¦´¦ µº±¦´ °§ ª´´¶¦ ¯¦¦¥ µ° £¦ ©¢¯¥­¦¥ ª¯ ´¢§¦ ®¢¯¯¦³. E²¶ª·¢­¦¯µ­º, µ©¦º
¯¦¦¥ µ° £¦ µ°­¦³¢µ¦¥. T©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ ±³°·ª¥¦´ µ©¦ ®¦¢¯´ £º ¸©ª¤© µ©ª´ ª´ ¢¤©ª¦·¦¥.
T©¦³¦ ¢³¦ fi·¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
ARC1-1: F¢ª­¶³¦´ °§ ´¶£-´º´µ¦®´ µ©¢µ ±³°·ª¥¦ ¤°®±¶µ¢µª°¯ ª¯±¶µ´ ¢³¦ µ°­¦³¢µ¦¥.
Dª´¤¶´´ª°¯: T©ª´ °£«¦¤µª·¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© §¢ª­¶³¦´ ª¯ µ©¦ ¸ª¥¦³ ´º´µ¦® µ©¢µ ®¢º ¢ff¦¤µ ¤°®±¶µ¢µª°¯
ª¯±¶µ´, ©°¸ µ©¦´¦ §¢ª­¶³¦´ ®¢º £¦ ¥¦µ¦¤µ¦¥ ¢¯¥ ©°¸ µ©¦º ®¢º £¦ ³¦´±°¯¥¦¥ µ°.
W©¦¯ µ¢­¬ª¯¨ ¢£°¶µ ¤°®±¶µ¢µª°¯ ª¯±¶µ´, ªµ ¤¢¯ £¦ ©¦­±§¶­ (¢´ ¥¦´¤³ª£¦¥ ª¯ {6}I µ° ¥ª´µª¯¨¶ª´© £¦µ¸¦¦¯
ª¯±¶µ´ ³¦¤¦ª·¦¥: ¸©¦¯ µ©¦ ®°¥¦­ ª´ ¶´¦¥ ¸ªµ©ª¯ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯; ¸©¦¯ µ©¦³¦ ¢³¦ §¢ª­¶³¦´
¦­´¦¸©¦³¦ ª¯ µ©¦ ´º´µ¦®; °³ ¸©¦¯ £¦ª¯¨ ¢µµ¢¤¬¦¥ £º ¢¯ ¢¥·¦³´¢³º. T©ª´ °£«¦¤µª·¦ «¶´µ ³¦­¢µ¦´ µ° µ©¦ ´¦¤°¯¥
¤¢´¦: ª¯±¶µ´ ¶¯¥¦³ §¢ª­¶³¦ ¤°¯¥ªµª°¯´. T©¦ fi³´µ ¤¢´¦ ª´ ¤°·¦³¦¥ ª¯ O£«¦¤µª·¦ ARC1-2; µ©¦ µ©ª³¥ ¤¢´¦ ª´
¤°·¦³¦¥ ª¯ O£«¦¤µª·¦ ARC1-4.
E¹¢®±­¦´: A¯ ª®±°³µ¢¯µ ±¢³µ °§ µ°­¦³¢µª¯¨ §¢ª­¶³¦-³¦­¢µ¦¥ ª¯±¶µ´ ª´ ¬¯°¸ª¯¨ µ©¦ ©¦¢­µ© °§ µ©¦ ´¶£-´º´µ¦®´
µ©¢µ ±³°·ª¥¦ ¤°®±¶µ¢µª°¯ ª¯±¶µ´, ¯°µª¯¨ µ©¢µ µ©¦´¦ ´¶£-´º´µ¦®´ ¤°¶­¥ £¦ ²¶ªµ¦ ¤°®±­¦¹. S¶¤© ¢
´¶£-´º´µ¦® ¤°¶­¥, §°³ ¦¹¢®±­¦, ¤°®£ª¯¦ ¢ ±©º´ª¤¢­ ´¦¯´°³ ¸ªµ© ´°®¦ §°³® °§ ±³°¤¦´´ª¯¨, ±°´´ª£­º ª¯¤­¶¥ª¯¨
´°®¦ ©ª´µ°³º-£¢´¦¥ §¦¢µ¶³¦´ (¦.¨., ¢ ®°·ª¯¨ ¢·¦³¢¨¦I. H¦¢­µ©-³¦­¢µ¦¥ ª¯§°³®¢µª°¯ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦
±³°·ª¥¦¥ £º BIT, ¸©¦µ©¦³ µ©ª´ £¦ ±¦³ª°¥ª¤ °³ ª¯ªµª¢µ¦¥ ª¯ ³¦´±°¯´¦ µ° ´°®¦ ¦¹µ¦³¯¢­ ¥¦®¢¯¥ (¦.¨., §³°® µ©¦
¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦I.
I§ ¢¯ ª¯±¶µ-±³°·ª¥ª¯¨ ´¶£-´º´µ¦® ª´ ¬¯°¸¯ µ° £¦ §¢¶­µº µ©¦¯ µ©¦³¦ ¢³¦ ´¦·¦³¢­ °±µª°¯´ ¢·¢ª­¢£­¦ µ° µ©¦
¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦, ª¯¤­¶¥ª¯¨: ¶´ª¯¨ µ©¦ ­¢´µ ¬¯°¸¯ ¨°°¥ ª¯±¶µ ·¢­¶¦; ¶´ª¯¨ ¢ ¤°¯´µ¢¯µ “¨°°¥” (°³ “´¢§¦”I
ª¯±¶µ ·¢­¶¦; ¶´ª¯¨ ¢¯ ª¯±¶µ ·¢­¶¦ ¥¦³ª·¦¥ §³°® ¢¯°µ©¦³ ´¶£-´º´µ¦®; ¥¦¤­¢³ª¯¨ µ©¦ ¤°®±¶µ¢µª°¯ °¶µ±¶µ ¢´
ª¯¤°³³¦¤µ (¶´ª¯¨ °¯¦ °§ µ©¦ ¢±±³°¢¤©¦´ ¥ª´¤¶´´¦¥ ¶¯¥¦³ O£«¦¤µª·¦ ARC1-5I.
ARC1-2: O±¦³¢µª°¯¢­ ª¯±¶µ´ ª¯¤°¯´ª´µ¦¯µ ¸ªµ© µ©¦ µ³¢ª¯ª¯¨, µ¦´µ ¢¯¥ ·¦³ªfi¤¢µª°¯ ¥¢µ¢ ¢³¦
µ°­¦³¢µ¦¥.
Dª´¤¶´´ª°¯: T©ª´ °£«¦¤µª·¦ ³¦¤°¨¯ª´¦´ µ©¢µ ¢ ¤°®±¶µ¢µª°¯ ª´ °¯­º ·¢­ª¥ §°³ °±¦³¢µª°¯¢­ ª¯±¶µ´ µ©¢µ ¢³¦, ª¯














































N°µ¦ µ©¢µ µ©ª´ ¯°µª°¯ °§ ¤°¯´ª´µ¦¯¤º ª´ ¥ª´µª¯¤µ §³°® µ©¢µ °§ ¥ª´µ³ª£¶µª°¯ ´©ª§µ. F°³ ¦¹¢®±­¦, µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢
®¢º ©¢·¦ £¦¦¯ ´¶±±­¦®¦¯µ¦¥ ¸ªµ© ´º¯µ©¦µª¤ ¦¹¢®±­¦´ µ° ¢¥¥³¦´´ ¢ ¤­¢´´ ª®£¢­¢¯¤¦ {55}. I¯ ´¶¤© ¤¢´¦´,
µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ ®¢º ¦¹©ª£ªµ ³°¶¨©­º ´ª®ª­¢³ ¯¶®£¦³´ °§ ´¢®±­¦´ ª¯ ¦¢¤© ¤­¢´´, ¸©¦³¦¢´ µ©¦ °±¦³¢µª°¯¢­
¥¢µ¢ ®¢º £¦ ©ª¨©­º £ª¢´¦¥ µ°¸¢³¥´ ¢ ´¶£´¦µ °§ ¤­¢´´¦´. C°¯´¦²¶¦¯µ­º, µ©¦ °±¦³¢µª°¯¢­ ¥¢µ¢ ¸°¶­¥ ´©°¸
¢¯ ¦¹±¦¤µ¦¥ ¥ª´µ³ª£¶µª°¯ ´©ª§µ ª¯ ¤°®±¢³ª´°¯ ¸ªµ© µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢. T©ª´ ´©ª§µ ¯¦¦¥ ¯°µ ¢ff¦¤µ µ©¦ ·¢­ª¥ªµº
°§ ¢ ´ª¯¨­¦ ¤°®±¶µ¢µª°¯, ±³°·ª¥¦¥ µ©¢µ ¤°®±¶µ¢µª°¯’́ ª¯±¶µ ª´ ¤°¯´ª´µ¦¯µ ¸ªµ© µ©¦ ¥¢µ¢ ¶´¦¥ µ° ¥¦·¦­°± µ©¦
¤°®±¶µ¢µª°¯ (ª.¦., µ©¦ µ³¢ª¯ª¯¨, µ¦´µ ¢¯¥ ·¦³ªfi¤¢µª°¯ ¥¢µ¢I.
T©¦³¦ ¢³¦ µ¸° ¸¢º´ µ©¢µ ¢¯ °±¦³¢µª°¯¢­ ª¯±¶µ ¤°¶­¥ £¦ ª¯¤°¯´ª´µ¦¯µ ¸ªµ© µ©ª´ ¥¢µ¢: fi³´µ­º, µ©¦ ¥¢µ¢ ¤°¶­¥
ª¯¢¥¦²¶¢µ¦­º ¤°·¦³ µ©¦ °±¦³¢µª°¯¢­ ¥°®¢ª¯; ´¦¤°¯¥­º, µ©¦ ¢¶µ°¯°®°¶´ ´º´µ¦® ¤°¶­¥ £¦ ¶´¦¥ °¶µ´ª¥¦
ªµ´ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯. S°®¦µª®¦´, µ©¦ ¥ª´µª¯¤µª°¯ £¦µ¸¦¦¯ µ©¦´¦ µ¸° ¢­µ¦³¯¢µª·¦´ ®ª¨©µ ¯°µ
£¦ ¤­¦¢³. T©¦ fi³´µ °§ µ©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ³¦­¢µ¦´ µ° µ©¦ ¦¹±¦³ª¦¯¤¦ ±³°«¦¤µª°¯ °§ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­
§³¢®¦¸°³¬ (´¶£´¦¤µª°¯ 3.1I. T©¦ ´¦¤°¯¥ ¤°¯´ª¥¦³¢µª°¯ ª´ µ©¦ §°¤¶´ °§ µ©ª´ °£«¦¤µª·¦.
E¹¢®±­¦´: T©¦ fi³´µ ¢´±¦¤µ °§ ®¦¦µª¯¨ µ©ª´ °£«¦¤µª·¦ ª¯·°­·¦´ ¥¦µ¦¤µª¯¨ µ©¢µ ¢¯ °±¦³¢µª°¯¢­ ª¯±¶µ ª´
ª¯¤°¯´ª´µ¦¯µ ¸ªµ© µ©¦ T³¢ª¯ª¯¨, T¦´µ ¢¯¥ V¦³ªfi¤¢µª°¯ (TTVI ¥¢µ¢.
T©¦ ´ª®±­¦´µ ¢±±³°¢¤© µ° µ©ª´ ¸°¶­¥ £¦ µ° ´µ°³¦ µ©¦ ®ª¯ª®¶® ¢¯¥ ®¢¹ª®¶® ·¢­¶¦´ §°³ ¦¢¤© §¦¢µ¶³¦
±³¦´¦¯µ ª¯ µ©¦ TTV ¥¢µ¢ ¢¯¥ µ° ¥¦¤­¢³¦ ¢¯ °±¦³¢µª°¯¢­ ª¯±¶µ ¢´ £¦ª¯¨ ¤°¯´ª´µ¦¯µ ª§ ªµ ª´ ¸ªµ©ª¯ µ©¦
©º±¦³-³¦¤µ¢¯¨­¦ ¥¦fi¯¦¥ £º µ©¦´¦ £°¶¯¥´. W©ª­´µ ªµ ¸°¶­¥ £¦ ¦¢´º µ° ª®±­¦®¦¯µ, µ©ª´ ¢±±³°¢¤© ©¢´ ´°®¦
­ª®ªµ¢µª°¯´. F°³ ¦¹¢®±­¦, µ©¦³¦ ®¢º £¦ ­¢³¨¦ ±¢³µ´ °§ µ©ª´ ©º±¦³-³¦¤µ¢¯¨­¦ µ©¢µ ¥° ¯°µ ¤°¯µ¢ª¯ ¢¯º ´¢®±­¦´
{7}; ¢ ±°µ¦¯µª¢­ ®¦¤©¢¯ª´® §°³ ¥¦µ¦¤µª¯¨ ´¶¤© ³¦¨ª°¯´ ª´ ±³°·ª¥¦¥ ª¯ {53}. A¥¥ªµª°¯¢­­º, ¢¯ °±¦³¢µª°¯¢­ ª¯±¶µ
µ©¢µ ¸¢´ «¶´µ °¶µ´ª¥¦ µ©¦´¦ £°¶¯¥´ ¸°¶­¥, ±¦³©¢±´ ¶¯§¢ª³­º, £¦ ¥¦¤­¢³¦¥ ¢´ £¦ª¯¨ ª¯¤°¯´ª´µ¦¯µ; µ©ª´ ¤°¶­¥
£¦ ¤°¶¯µ¦³¦¥ £º ¦¹µ¦¯¥ª¯¨ µ©¦ £°¶¯¥´ £º ¢ ´¶ªµ¢£­º-¤©°´¦¯ ¥ª´µ¢¯¤¦. H°¸¦·¦³, «¶´µª§ºª¯¨ µ©¦ ¶´¦ °§ ¢
±¢³µª¤¶­¢³ ¥ª´µ¢¯¤¦ ®¢º £¦ ¤©¢­­¦¯¨ª¯¨: ¢ ´©°³µ ¥ª´µ¢¯¤¦ ª¯ °¯¦ ¥ª®¦¯´ª°¯ ®¢º £¦ °§ ®¶¤© ¨³¦¢µ¦³ ª®±°³µ
µ©¢¯ ¢ ­°¯¨ ¥ª´µ¢¯¤¦ ª¯ ¢¯°µ©¦³ ¥ª®¦¯´ª°¯, §°³ ¦¹¢®±­¦. I¯ ¢¥¥ªµª°¯, ³¦±¦¢µ¦¥ ¦¹µ¦¯´ª°¯´ °§ µ©ª´ µº±¦ ¤°¶­¥
¦¹µ¦¯¥ µ©¦ £°¶¯¥´ ¸ªµ©°¶µ ­ª®ªµ ´° µ©¦º ´©°¶­¥ £¦ ¨¶¢³¥¦¥ ¢¨¢ª¯´µ.
T©¦ ¢±±³°¢¤© ¥ª´¤¶´´¦¥ ª¯ µ©¦ ±³¦¤¦¥ª¯¨ ±¢³¢¨³¢±© ³¦­ª¦´ °¯ ¢ ´¶®®¢³º °§ µ©¦ TTV ¥¢µ¢, ´±¦¤ªfi¤¢­­º,
´¶ªµ¢£­º-¦¹µ¦¯¥¦¥ £°¶¯¥´ °§ µ©¦ TTV ¥¢µ¢ ¢¯¥ µ©¦ ­°¤¢µª°¯ °§ ¢¯º ­¢³¨¦ ¦®±µº ©º±¦³-³¦¤µ¢¯¨­¦´ ¸ªµ©ª¯
µ©¦´¦ £°¶¯¥´. Oµ©¦³ ¸¢º´ °§ ´¶®®¢³ª´ª¯¨ µ©¦ TTV ¤°¶­¥ £¦ ¶´¦¥ ¢´ µ©¦ £¢´ª´ §°³ ¢­µ¦³¯¢µª·¦ ¢±±³°¢¤©¦´.
F°³ ¦¹¢®±­¦:
• D¦·¦­°±ª¯¨ ¢ ®°¥¦­ µ©¢µ ¨ª·¦¯ ¢¯ °±¦³¢µª°¯¢­ ª¯±¶µ ³¦µ¶³¯´ ¢¯ ¦´µª®¢µ¦ °§ µ©¦ ¥ª´µ¢¯¤¦ µ° µ©¦ ¯¦¢³¦´µ
TTV ´¢®±­¦. I¯ µ©ª´ ¤¢´¦ ªµ ®¢º £¦ ¤©¢­­¦¯¨ª¯¨ µ° ¥¦µ¦³®ª¯¦ ¸©¢µ µ©³¦´©°­¥ ¥ª´µ¢¯¤¦ ´©°¶­¥ £¦ ¶´¦¥
µ° ¥¦µ¦³®ª¯¦ ¸©¦µ©¦³ ¢ ±¢³µª¤¶­¢³ °±¦³¢µª°¯¢­ ª¯±¶µ ª´ ª¯¤°¯´ª´µ¦¯µ ¸ªµ© µ©¦ TTV ¥¢µ¢; µ©ª´ ¤°¶­¥,
±°´´ª£­º, £¦ ª¯§°³®¦¥ £º ´µ¢µª´µª¤´ °¯ µ©¦ ¥ª´µ¢¯¤¦´ £¦µ¸¦¦¯ ¯¦¢³¦´µ-¯¦ª¨©£°¶³´ ¸ªµ©ª¯ µ©¦ TTV ¥¢µ¢.
A­µ¦³¯¢µª·¦­º, ªµ ®¢º £¦ ª¯§°³®¦¥ £º ¦¹±¦³µ «¶¥¨¦®¦¯µ.
• D¦·¦­°±ª¯¨ ¢ £ª¯¢³º ¤­¢´´ªfi¦³ µ©¢µ ¥¦µ¦³®ª¯¦´ ¸©¦µ©¦³ ¢ ¨ª·¦¯ °±¦³¢µª°¯¢­ ª¯±¶µ ª´ ª¯¤°¯´ª´µ¦¯µ.
T©ª´ ¸°¶­¥ µ³¦¢µ ¢­­ °§ µ©¦ ´¢®±­¦´ ª¯ µ©¦ TTV ¥¢µ¢ ¢´ µ©¦ “¤°¯´ª´µ¦¯µ” ¤­¢´´. S¢®±­¦´ ¥¦fi¯ª¯¨
µ©¦ “ª¯¤°¯´ª´µ¦¯µ” ¤­¢´´ ¤°¶­¥ £¦ ´º¯µ©¦µª¤¢­­º-¨¦¯¦³¢µ¦¥. A¥¥ªµª°¯¢­­º, ªµ ®¢º £¦ ±°´´ª£­¦ µ° µ³¢ª¯ ¢
G¦¯¦³¢µª·¦ A¥·¦³´¢³ª¢­ N¦µ¸°³¬ (GANI µ° ³¦±³¦´¦¯µ µ©¦ TTV ¥¢µ¢, ´ª®ª­¢³ µ° µ©¦ ¸¢º µ©¢µ ¢ GAN ¤¢¯
£¦ ¶´¦¥ µ° ¢¶¨®¦¯µ µ³¢ª¯ª¯¨ ¥¢µ¢ {5}. T©¦ GAN ¤°¶­¥ µ©¦¯ £¦ ¶´¦¥ µ° ¥¦µ¦³®ª¯¦ ª§ ¢¯ °±¦³¢µª°¯¢­
ª¯±¶µ ¸¢´ ¤°¯´ª´µ¦¯µ ¸ªµ© µ©¦ TTV ¥¢µ¢.
R¦¨¢³¥­¦´´ °§ µ©¦ ¢±±³°¢¤© µ©¢µ ª´ ¶´¦¥, µ©¦³¦ ¯¦¦¥´ µ° £¦ ´¶ffi¤ª¦¯µ ¢´´¶³¢¯¤¦ µ©¢µ µ©¦ ¥¦µ¦¤µª°¯ °§
“ª¯¤°¯´ª´µ¦¯µ” °±¦³¢µª°¯¢­ ª¯±¶µ´ ¸ª­­ £¦ ´¶ªµ¢£­º ¢¤¤¶³¢µ¦. D¦±¦¯¥ª¯¨ °¯ µ©¦ ¢±±­ª¤¢µª°¯, µ©¢µ ®¢º ®¦¢¯,
§°³ ¦¹¢®±­¦: ¯° §¢­´¦ ±°´ªµª·¦´ (ª.¦., ±°ª¯µ´ ¥¦¤­¢³¦¥ ¢´ £¦ª¯¨ ¤°¯´ª´µ¦¯µ ¸©¦¯ µ©¦º ¢³¦ ¯°µI; ¯° §¢­´¦













































T©¦ ´¦¤°¯¥ ¢´±¦¤µ °§ ®¦¦µª¯¨ µ©ª´ °£«¦¤µª·¦ ª¯·°­·¦´ ³¦´±°¯¥ª¯¨ ¢±±³°±³ª¢µ¦­º µ° µ©¦ ±³°·ª´ª°¯ °§ ¢¯
“ª¯¤°¯´ª´µ¦¯µ” ª¯±¶µ. I¯ ´°®¦ ¤¢´¦´, µ©ª´ ®¢º £¦ ¢¤©ª¦·¦¥ ¶´ª¯¨ µ©¦ ¢±±³°¢¤©¦´ ¥ª´¤¶´´¦¥ ¢¨¢ª¯´µ O£«¦¤µª·¦
ARC1-1. A¯°µ©¦³ °±µª°¯ ®¢º £¦ µ° ®¢± µ©¦ °±¦³¢µª°¯¢­ ª¯±¶µ µ° µ©¦ ¤­°´¦´µ (°³, ®°³¦ ¨¦¯¦³¢­­º, ¢¯
¢±±³°±³ª¢µ¦I ª¯±¶µ µ©¢µ ª´ ¤°¯´ª´µ¦¯µ ¸ªµ© µ©¦ TTV ¥¢µ¢; ¢µ ­¦¢´µ ª¯ ´°®¦ ¤¢´¦´, ªµ ´©°¶­¥ £¦ ³¦­¢µª·¦­º ¦¢´º
µ° ¦¹µ¦¯¥ µ©¦ ¥¦µ¦¤µª°¯ ¢±±³°¢¤©¦´ °¶µ­ª¯¦¥ ¢£°·¦ µ° ¢­´° ±¦³§°³® µ©ª´ §¶¯¤µª°¯. Fª¯¢­­º, ¢´ ¸¢´ µ©¦ ¤¢´¦
§°³ O£«¦¤µª·¦ ARC1-1, ¢¯°µ©¦³ °±µª°¯ ª´ µ° ¥¦¤­¢³¦ µ©¦ ¸©°­¦ ¤°®±¶µ¢µª°¯ ª¯·¢­ª¥ ¢¯¥ ³¦­º °¯ °¯¦ °§ µ©¦
¢±±³°¢¤©¦´ ¥ª´¤¶´´¦¥ ¶¯¥¦³ O£«¦¤µª·¦ ARC1-5.
ARC1-3: F¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ ª¯µ¦³¯¢­ µ° µ©¦ ¤°®±¶µ¢µª°¯ ¢³¦ µ°­¦³¢µ¦¥.
Dª´¤¶´´ª°¯: T©¦³¦ ¢³¦ ¢ ¯¶®£¦³ °§ ¸¢º´ µ©¢µ ª¯µ¦³¯¢­ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ ¤¢¯ £¦ ¥¦µ¦¤µ¦¥ ª¯ µ³¢¥ªµª°¯¢­
´°§µ¸¢³¦. E¹¢®±­¦´ ª¯¤­¶¥¦ µ©¦ ¶´¦ °§ ¥¦§¦¯´ª·¦ ±³°¨³¢®®ª¯¨, ¦¹¤¦±µª°¯ ©¢¯¥­ª¯¨ (¦.¨., ³¦­¢µª¯¨ µ° fl°¢µª¯¨
±°ª¯µ ¯¶®£¦³´I ¢¯¥ ©¢³¥¸¢³¦-£¢´¦¥ ¸¢µ¤©¥°¨ µª®¦³´. T©¦´¦ µº±¦´ °§ ¢±±³°¢¤© ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦
ª®±­¦®¦¯µ¦¥, §°³ ¦¹¢®±­¦, ¢´ ±¢³µ °§ ®¦¦µª¯¨ µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ´°§µ¸¢³¦ ±³°«¦¤µª°¯ °§ µ©¦
¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ (´¶£´¦¤µª°¯ 3.4I.
I¯ ¢¥¥ªµª°¯, µ©¦³¦ ¢³¦ ¢ ¯¶®£¦³ °§ ³¦­¢µ¦¥ ¢±±³°¢¤©¦´ µ©¢µ ¢³¦ ´±¦¤ªfi¤¢­­º µ¢ª­°³¦¥ µ° µ©¦ ¶´¦ °§
¢¶µ°¯°®º-³¦­¢µ¦¥ ¤°®±¶µ¢µª°¯´. T©ª´ °£«¦¤µª·¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ª®±­¦®¦¯µª¯¨ ¢±±³°¢¤©¦´ ³¦­¦·¢¯µ µ°
AI ¢¯¥ ML.
E¹¢®±­¦´: A ±°µ¦¯µª¢­ ¢±±³°¢¤©, ´±¦¤ªfi¤¢­­º ³¦­¢µ¦¥ µ° ¯¦¶³¢­ ¯¦µ¸°³¬´, ª´ ±³°·ª¥¦¥ ª¯ {74}. T©ª´ ¸¢´
¥¦·¦­°±¦¥ µ° ±³°·ª¥¦ ±³°µ¦¤µª°¯ ¢¨¢ª¯´µ ³¢¯¥°® ©¢³¥¸¢³¦ ¦³³°³´, ´±¦¤ªfi¤¢­­º, ³¢¯¥°® £ªµ flª±´. H°¸¦·¦³,
µ©¦ ¶¯¥¦³­ºª¯¨ µ¦¤©¯ª²¶¦, ¸©ª¤© ª´ £¢´¦¥ °¯ ¢¯°®¢­º ¥¦µ¦¤µª°¯ ª¯ ª¯µ¦³®¦¥ª¢µ¦ °¶µ±¶µ´ °§ µ©¦ ¯¦¶³¢­
¯¦µ¸°³¬, ®¢º ©¢·¦ ®°³¦ ¨¦¯¦³¢­ ¢±±­ª¤¢£ª­ªµº.
Oµ©¦³ µ¦¤©¯ª²¶¦´ ¦¹±­°ªµ µ©¦ ¨¦¯¦³¢­ ¯°µª°¯ °§ µ³¢¤¬ª¯¨ ª¯µ¦³®¦¥ª¢µ¦ ·¢­¶¦´ ¸ªµ©ª¯ ¢ ¯¦¶³¢­ ¯¦µ¸°³¬ ¢¯¥
¤°®±¢³ª¯¨ µ©¦® ¢¨¢ª¯´µ ¦¹±¦¤µ¢µª°¯´. T©¦´¦ ¦¹±¦¤µ¢µª°¯´®¢º £¦ §°³®¦¥ £º ¢¯¢­º´ª¯¨ ª¯µ¦³®¦¥ª¢µ¦ ·¢­¶¦´
¢¯¥ µ©¦ ¢´´°¤ª¢µ¦¥ ³¦´¶­µ´ ¥¶³ª¯¨ µ©¦ µ³¢ª¯ª¯¨ ±³°¤¦´´ {56}.
ARC1-4: A¥·¦³´¢³ª¢­ ¢µµ¦®±µ´ µ° ¥ª´³¶±µ µ©¦ ¤°®±¶µ¢µª°¯ ¢³¦ µ°­¦³¢µ¦¥.
Dª´¤¶´´ª°¯: I¯ µ©¦ ML ¤°®®¶¯ªµº, µ©¦ ¯°µª°¯ °§ ¢¥·¦³´¢³ª¢­ ¦¹¢®±­¦´ ª´ °§µ¦¯ ³¦´µ³ª¤µ¦¥ µ° ´®¢­­
±¦³µ¶³£¢µª°¯´, ¨¦¯¦³¢­­º ¶¯¥¦µ¦¤µ¢£­¦ £º ©¶®¢¯´, µ©¢µ ¤¢¶´¦ ´ª¨¯ªfi¤¢¯µ °¶µ±¶µ ¥ªff¦³¦¯¤¦´ (¦.¨., ¤°¯fi¥¦¯µ
®ª´-¤­¢´´ªfi¤¢µª°¯I {78}. W©ª­´µ µ©ª´ ª´ ¢¯ ª¯µ¦³¦´µª¯¨, ¢¯¥ ª®±°³µ¢¯µ, ±©¦¯°®¦¯°¯ µ©ª´ °£«¦¤µª·¦ ©¢´ ¢ ®¶¤©
¸ª¥¦³ ´¤°±¦. F°³ ¦¹¢®±­¦, ªµ ª¯¤­¶¥¦´: ¢¥·¦³´¢³ª¢­ ±°ª´°¯ª¯¨ °§ µ³¢ª¯ª¯¨ ¥¢µ¢ {17}; ¢¥·¦³´¢³ª¢­ ª¯fl¶¦¯¤¦ °§
±³¦-µ³¢ª¯¦¥ ¯¦µ¸°³¬´ {37}; ¢¯¥ ¢¥·¦³´¢³ª¢­ ª®±¢¤µ ·ª¢ ´°§µ¸¢³¦ §³¢®¦¸°³¬´ ¢¯¥ µ°°­´.
D¦´±ªµ¦ µ©ª´ ¸ª¥¦ £³¦¢¥µ©, ªµ ´©°¶­¥ £¦ ¯°µ¦¥ µ©¢µ µ©ª´ °£«¦¤µª·¦ ¥°¦´ ¯°µ ´¦¦¬ µ° ¢¥¥³¦´´ ¢­­ ¤º£¦³-³¦­¢µ¦¥
¤°¯´ª¥¦³¢µª°¯´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¢¯ ¢¶µ°¯°®°¶´ ´º´µ¦®. F°³ ¦¹¢®±­¦, µ©ª´ °£«¦¤µª·¦ ¥°¦´ ¯°µ ¤°¯´ª¥¦³
±³°µ¦¤µª°¯ °§ ¥¦´ª¨¯ ª¯§°³®¢µª°¯ °³ ´µ¢ff ´¤³¦¦¯ª¯¨. T©¦´¦, ¢¯¥ °µ©¦³, ¸ª¥¦³ °£«¦¤µª·¦´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥
µ° £¦ ¤°·¦³¦¥ ¢´ ±¢³µ °§ µ©¦ ¯°³®¢­ ´¦¤¶³ªµº ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´. T©¦ D¦±¢³µ®¦¯µ §°³ T³¢¯´±°³µ (D§TI
G¶ª¥¦­ª¯¦´ §°³ Cº£¦³ S¦¤¶³ªµº §°³ C°¯¯¦¤µ¦¥ ¢¯¥ A¶µ°®¢µ¦¥ V¦©ª¤­¦´ {23}, ´¶ªµ¢£­º ³¦-ª¯µ¦³±³¦µ¦¥ §°³ µ©¦
³¦­¦·¢¯µ ¥°®¢ª¯, ®¢º £¦ ©¦­±§¶­ ª¯ µ©ª´ ³¦¨¢³¥.
E¹¢®±­¦´: T©¦³¦ ª´ ¢ ­¢³¨¦ £°¥º °§ ³¦´¦¢³¤© ¢ª®¦¥ ¢µ ±³°·ª¥ª¯¨ ±³°µ¦¤µª°¯ ¢¨¢ª¯´µ ¢¥·¦³´¢³ª¢­ ª¯±¶µ´ (¦.¨.,
{51}I. Lª¬¦¸ª´¦, µ©¦³¦ ª´ ¤°¯´ª¥¦³¢£­¦ ³¦´¦¢³¤© ¢ª®¦¥ ¢µ ¥¦®°¯´µ³¢µª¯¨ µ©¦ ³°£¶´µ¯¦´´ °§ ML ¢±±³°¢¤©¦´
(¨¦¯¦³¢­­º °§ ¯¦¶³¢­ ¯¦µ¸°³¬´ ¶´¦¥ §°³ ¤­¢´´ªfi¤¢µª°¯ µ¢´¬´I ¢¨¢ª¯´µ ¢¥·¦³´¢³ª¢­ ª¯±¶µ´: µ©ª´ ª´ µº±ª¤¢­­º
¦¹±³¦´´¦¥ ¢´ µ©¦ ´ª»¦ °§ “£¢­­” ¢³°¶¯¥ ¦¢¤© µ³¢ª¯ª¯¨ ´¢®±­¦ ¸ªµ©ª¯ ¸©ª¤© ª¯±¶µ´ ¸ª­­ £¦ ¨ª·¦¯ µ©¦ ´¢®¦ ¤­¢´´













































ª¯±¶µ´, ¢­µ©°¶¨© ´°®¦ ¦¹¢®±­¦´ ¢³¦ £¦¨ª¯¯ª¯¨ µ° ¦®¦³¨¦ (¦.¨., {56}, {7}I.
A´ ¥ª´¤¶´´¦¥ ª¯ O£«¦¤µª·¦ COM1-1, °£µ¢ª¯ª¯¨ ¥¢µ¢ §³°® ¬¯°¸¯, µ³¶´µ¦¥ ´°¶³¤¦´ ¢¯¥ ¢±±­ºª¯¨ ´µ³°¯¨
¨¶¢³¢¯µ¦¦´ °¯ ª¯µ¦¨³ªµº ¥¶³ª¯¨ µ³¢¯´®ª´´ª°¯ ¤¢¯ ©¦­± ±³°µ¦¤µ ¢¨¢ª¯´µ µ©¦ ³ª´¬ °§ ¥¢µ¢ ±°ª´°¯ª¯¨; µ©¦´¦
¢±±³°¢¤©¦´ ¢³¦ ¢­´° ³¦­¦·¢¯µ µ° µ©¦ ¶´¦ °§ ±³¦-µ³¢ª¯¦¥ ¯¦µ¸°³¬´. Sª®ª­¢³­º, ¢±±­ºª¯¨ §°³®¢­ C°¯fi¨¶³¢µª°¯
M¢¯¢¨¦®¦¯µ (CMI ±³°¤¦´´¦´ µ° ¥¢µ¢ ¢¯¥ ±³¦-µ³¢ª¯¦¥ ¯¦µ¸°³¬´ ¢³¦ ­ª¬¦­º µ° £¦ £¦¯¦fi¤ª¢­, ¯°µª¯¨ µ©¢µ
µ³¢¥ªµª°¯¢­ CM µ°°­´ ®¢º £¦ ¤©¢­­¦¯¨¦¥ £º µ©¦ ·°­¶®¦ ¢¯¥ ±¢¤¦ °§ ¤©¢¯¨¦ °§ µ©¦´¦ ªµ¦®´.
C°¯¤¦±µ¶¢­­º, ¢¥·¦³´¢³ª¢­ ³ª´¬´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ´°§µ¸¢³¦ §³¢®¦¸°³¬´ ¢¯¥ µ°°­´ ®¢º £¦ ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ
£º ¶´ª¯¨ ¢±±³°±³ª¢µ¦ ¥¦·¦­°±®¦¯µ ®¦µ©°¥´ ¥¶³ª¯¨ µ©¦ª³ ¤³¦¢µª°¯ (¢´ ¥ª´¤¶´´¦¥ ª¯ O£«¦¤µª·¦ COM4-1I.
H°¸¦·¦³, §³°® ¢ ±³¢¤µª¤¢­ ±¦³´±¦¤µª·¦, ®°´µ ML ±ª±¦­ª¯¦´ ®¢¬¦ ¦¹µ¦¯´ª·¦ ¶´¦ °§ °±¦¯ ´°¶³¤¦ §³¢®¦¸°³¬´
¢¯¥ µ°°­´ ¸©ª¤©, ¨¦¯¦³¢­­º ´±¦¢¬ª¯¨, ¥° ¯°µ ±³°·ª¥¦ µ©¦ ´¢®¦ µº±¦ °§ ¢´´¶³¢¯¤¦ ¦·ª¥¦¯¤¦ ¢´ ª´ ¥¦­ª·¦³¦¥ £º
¥¦·¦­°±®¦¯µ ±³°¤¦´´¦´ §°³ ¤³ªµª¤¢­ ´°§µ¸¢³¦. F¶³µ©¦³®°³¦, µ³¢¥ªµª°¯¢­ ¢±±³°¢¤©¦´ µ° µ©¦ ¶´¦ °§ SOUP ¤¢¯
£¦ ¥ªffi¤¶­µ µ° ¦®±­°º, ¦´±¦¤ª¢­­º ª¯ µ©¦ ¤¢´¦ °§ §³¢®¦¸°³¬´, £¦¤¢¶´¦ µ©¦ª³ ³°­¦ ±³¦·¦¯µ´ µ©¦® §³°® £¦ª¯¨
±­¢¤¦¥ ª¯ ¢ µª¨©µ­º £°¶¯¥¦¥ ´¢¯¥£°¹ ¢¯¥ £¦¤¢¶´¦ µ©¦ª³ ´ª»¦ ±³¦·¦¯µ´ ¸ª¥¦´±³¦¢¥ ³¦·¦³´¦ ¦¯¨ª¯¦¦³ª¯¨
°§ ¦·ª¥¦¯¤¦ ¢³µ¦§¢¤µ´. P°´´ª£­¦ °±µª°¯´ ª¯¤­¶¥¦ ¶´ª¯¨ ¢ §³¢®¦¸°³¬ µ° ¦¹±­°³¦ ¥ªff¦³¦¯µ ¢±±³°¢¤©¦´
µ©¦¯ ³¦-¤°¥ª¯¨ µ©¦ ¤©°´¦¯ °¯¦ ¶´ª¯¨ ¢±±³°±³ª¢µ¦ ¥¦·¦­°±®¦¯µ ±³°¤¦´´¦´. R¦·¦³´¦ ¦¯¨ª¯¦¦³ª¯¨ ³¦­¦·¢¯µ
¦·ª¥¦¯¤¦ ¢³µ¦§¢¤µ´ §°³ ¢ ´¶ªµ¢£­º-´®¢­­ ±¢³µ °§ µ©¦ §³¢®¦¸°³¬ ®¢º £¦ ¢¯°µ©¦³ °±µª°¯.
I¯ ´°®¦ ¤¢´¦´, ´°§µ¸¢³¦ £¦©¢·ª°¶³ ®¢º £¦ ´¶ffi¤ª¦¯µ­º ±³¦¥ª¤µ¢£­¦ µ° ¢­­°¸ §°³ ¢µµ¢¤¬ ¤°¥¦ µ° £¦ ¥¦µ¦¤µ¦¥ ¢´
´°®¦µ©ª¯¨ µ©¢µ ª´ “¯°µ ¯°³®¢­” {21}. I§ ´¶¤© ¢ ´ªµ¶¢µª°¯ ª´ ¥¦µ¦¤µ¦¥ µ©¦¯ ªµ ®¢º £¦ ±°´´ª£­¦ µ° ³¦­°¢¥ °³ª¨ª¯¢­
´°§µ¸¢³¦ §³°® ¢ ¬¯°¸¯ ¨°°¥ ´µ°³¦. O§ ¤°¶³´¦, µ©ª´ ¢´´¶®¦´ µ©¦ ¬¯°¸¯ ¨°°¥ ´µ°³¦ ª´ ´¶ªµ¢£­º ±³°µ¦¤µ¦¥,
µ©¦ ­°´´ °§ ±³°¤¦´´ª¯¨ ¸©ª­´µ µ©¦ ³¦­°¢¥ °¤¤¶³´ ¤¢¯ £¦ µ°­¦³¢µ¦¥ ¢¯¥ §¢­´¦ ±°´ªµª·¦´ ¢³¦ ´¶ffi¤ª¦¯µ­º ³¢³¦.
ARC1-5: I¯¤°³³¦¤µ ¤°®±¶µ¢µª°¯ °¶µ±¶µ´ ¢³¦ µ°­¦³¢µ¦¥.
Dª´¤¶´´ª°¯: I§ ª¯¤°³³¦¤µ °¶µ±¶µ´ ¢³¦ ¤°¯´ª¥¦³¦¥ µ° £¦ §¢ª­¶³¦´ µ©¦¯ ¦·¦¯ µ©¦ £¦´µ ±¦³§°³®ª¯¨ AI
¤°®±¶µ¢µª°¯ (¥¦·¦­°±¦¥ ¶´ª¯¨ ML µ¦¤©¯ª²¶¦´I ª´ ­ª¬¦­º µ° ©¢·¦ ¢¯ ¦³³°³ ¥¦¯´ªµº °³¥¦³´ °§ ®¢¨¯ªµ¶¥¦ ¨³¦¢µ¦³
µ©¢¯ µ©¢µ °§ µ³¢¥ªµª°¯¢­ ´¢§¦µº-¤³ªµª¤¢­ ´°§µ¸¢³¦. Iµ §°­­°¸´ µ©¢µ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ ©¢´ µ° £¦ µ°­¦³¢¯µ
µ° ª¯¤°³³¦¤µ °¶µ±¶µ´.
E¹¢®±­¦´: T©¦³¦ ¢³¦ ´¦·¦³¢­ ¢³¤©ªµ¦¤µ¶³¢­ ¢±±³°¢¤©¦´ µ©¢µ ¤°¶­¥ £¦ ¶´¦¥ µ° ´¶±±°³µ µ©ª´ °£«¦¤µª·¦ {6}.
T©³¦¦ ¦¹¢®±­¦´ ¢³¦ ª­­¶´µ³¢µ¦¥ ª¯ Fª¨¶³¦ 2:
• T©¦ fi³´µ ¢³¤©ªµ¦¤µ¶³¦®¢¬¦´ ¶´¦ °§ ¢ ·¢­ª¥ªµº ¤©¦¤¬¦³, ¥¦·¦­°±¦¥ ¶´ª¯¨ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ µ¦¤©¯ª²¶¦´.
I§ µ©ª´ ¥¦µ¦¤µ´ ¢¯ ª¯¤°³³¦¤µ °¶µ±¶µ µ©¦¯ µ©¦ ¤°®±¶µ¢µª°¯ ª´ ³¦-³¶¯, ¦ªµ©¦³ ¶´ª¯¨ µ©¦ ´¢®¦ ª¯±¶µ (ª§ µ©¦
ML ®°¥¦­ ª¯¤­¶¥¦´ ¢ ³¢¯¥°® ¦­¦®¦¯µI °³ ¢ ´¶ªµ¢£­º ¢¥«¶´µ¦¥ ª¯±¶µ. T©¦ ´ª®±­ª¤ªµº °§ µ©ª´ ¢³¤©ªµ¦¤µ¶³¦
ª´ ¢¯ ¢µµ³¢¤µª°¯, £¶µ ¥¦´ª¨¯ª¯¨ ¢ ¤©¦¤¬¦³ µ©¢µ ±³°·ª¥¦´ µ©¦ ¢±±³°±³ª¢µ¦ ±³°µ¦¤µª°¯ ¸ªµ©°¶µ ¶¯¥¶­º
¤°¯´µ³¢ª¯ª¯¨ µ©¦ ML ®°¥¦­ ®¢º £¦ ¤©¢­­¦¯¨ª¯¨.
• T©¦ ´¦¤°¯¥ ¢³¤©ªµ¦¤µ¶³¦ ª´ ª¯´±ª³¦¥ £º ®¶­µª±­¦¹ ¢·ª°¯ª¤´ ´º´µ¦®´. Iµ ¶´¦´ ¢ ¯¶®£¦³ °§ ¥ª´µª¯¤µ
¤°®±¶µ¢µª°¯´ (°³ ML ®°¥¦­´I ª¯ ±¢³¢­­¦­, ¤°®£ª¯ª¯¨ µ©¦ª³ °¶µ±¶µ ¸ªµ© ´°®¦ §°³® °§ ·°µª¯¨ °³
¢¨¨³¦¨¢µª°¯ §¶¯¤µª°¯. A­µ©°¶¨© ªµ £¦¢³´ ´°®¦ ´ª®ª­¢³ªµª¦´ µ° ¦¯´¦®£­¦ ®¦µ©°¥´, µ©¦ ®°µª·¢µª°¯
ª´ ¥ªff¦³¦¯µ: ª¯ ±¢³µª¤¶­¢³, ¦¯´¦®£­¦ ®¦µ©°¥´ ¢ª® µ° ª®±³°·¦ ¨¦¯¦³¢­ ±¦³§°³®¢¯¤¦, ¸©¦³¦¢´ µ©ª´
¢³¤©ªµ¦¤µ¶³¦ ¢ª®´ µ° ±³°·ª¥¦ ±³°µ¦¤µª°¯ ¢¨¢ª¯´µ ª¯¤°³³¦¤µ °¶µ±¶µ´ (¦.¨., §°³ “¦¥¨¦ ¤¢´¦´”I. T©¦ ¯¢µ¶³¦
°§ ML ®¢º ®¢¬¦ ªµ ¦¢´ª¦³ µ° ±³°¥¶¤¦ ´¦±¢³¢µ¦ ¤©¢¯¯¦­´ µ©¢¯ ¸°¶­¥ £¦ µ©¦ ¤¢´¦ §°³ µ³¢¥ªµª°¯¢­
´°§µ¸¢³¦ {9}. H°¸¦·¦³, ªµ ®¢º £¦ ¥ªffi¤¶­µ µ° ¢¤©ª¦·¦ ´¶ffi¤ª¦¯µ ¥ª·¦³´ªµº £¦µ¸¦¦¯ µ©¦ ¥ªff¦³¦¯µ ¤©¢¯¯¦­´,
¦´±¦¤ª¢­­º ª§ µ©¦º ´©¢³¦ ­¢³¨¦ ¢®°¶¯µ´ °§ µ³¢ª¯ª¯¨ ¥¢µ¢. T©ª´ ®¢º ®¢¬¦ ªµ ¥ªffi¤¶­µ µ° ±³°·ª¥¦ ¤°¯fi¥¦¯¤¦













































• T©¦ µ©ª³¥ ¢³¤©ªµ¦¤µ¶³¦ §¦¢µ¶³¦´ µ¸° ¤©¢¯¯¦­´, °¯¦ °§ ¸©ª¤© ¶´¦´ AI (ª®±­¦®¦¯µ¦¥ ¢´ ¢¯ML®°¥¦­I, µ©¦
°µ©¦³ °§ ¸©ª¤© ª´ ª®±­¦®¦¯µ¦¥ ¶´ª¯¨ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦. T©¦ ª¯µ¦¯µ ª´ µ©¢µ µ©¦ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦
¤©¢¯¯¦­ ª®±­¦®¦¯µ´ ¢¯ ¢­¸¢º´ ´¢§¦, £¶µ ­°¸ (±¦³©¢±´ ·¦³º ­°¸I ±¦³§°³®¢¯¤¦ ¢­¨°³ªµ©®, ¸©¦³¦¢´
µ©¦ ML ®°¥¦­ °ff¦³´ ©ª¨©¦³ ±¦³§°³®¢¯¤¦ ¸ªµ© ¢ ¤°¯¤°®ªµ¢¯µ ³ª´¬ °§ ª¯¤°³³¦¤µ (ª.¦., ¶¯´¢§¦I °¶µ±¶µ´.
A ´¢§¦µº ´¸ªµ¤©, ª®±­¦®¦¯µ¦¥ ª¯ ¢ ´ª®ª­¢³ ®¢¯¯¦³ µ° µ©¦ ·¢­ª¥ªµº ¤©¦¤¬¦³ ª¯ µ©¦ fi³´µ ¢³¤©ªµ¦¤µ¶³¦,
¤°¯µ³°­´ ¸©ª¤© ¤©¢¯¯¦­ ±³°·ª¥¦´ µ©¦ °¶µ±¶µ µ° µ©¦ ¸ª¥¦³ ´º´µ¦®. N°µ¦ µ©¢µ ª¯ µ©ª´ µº±¦ °§ ¢³¤©ªµ¦¤µ¶³¦
ªµ ®¢º £¦ ±°´´ª£­¦ §°³ ®¶¤© °§ µ©¦ ¢´´¶³¢¯¤¦ £¶³¥¦¯ µ° £¦ £°³¯¦ £º µ©¦ µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦ ¢¯¥ µ©¦













































































Fª¨¶³¦ 2: E¹¢®±­¦ A³¤©ªµ¦¤µ¶³¦ O±µª°¯´
5.2 I¯§°³®¢µª°¯ P³°·ª´ª°¯
T©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ª¯µ¦¨³¢µª¯¨ ¤°®±¶µ¢µª°¯´ ª¯µ° ¢ ±­¢µ§°³®, °³ ´º´µ¦®. P¢³µ
°§ µ©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ª¯¤­¶¥¦ ±³°·ª¥ª¯¨ ª¯§°³®¢µª°¯ ³¦­¢µ¦¥ µ° µ©¦´¦ ¤°®±¶µ¢µª°¯´ µ° µ©¦ ¸ª¥¦³ ´º´µ¦®,
°§µ¦¯ §°³ °¯¸¢³¥ µ³¢¯´®ª´´ª°¯ µ° ¶´¦³´, ´µ¢¬¦©°­¥¦³´ °³ °µ©¦³ ´º´µ¦®´. I¯ °³¥¦³ µ° ´¶±±°³µ µ©ª´ ª¯§°³®¢µª°¯
±³°·ª´ª°¯, µ©¦³¦ ª´ ¢¯ ¢´´°¤ª¢µ¦¥ ¯¦¦¥ µ° ´¶±±°³µ ª¯§°³®¢µª°¯ ³¦¤°³¥ª¯¨ ¢¯¥ ³¦µ³ª¦·¢­. T©¦´¦ µ°±ª¤´ ¢³¦ µ©¦
§°¤¶´ §°³ µ©ª´ ±³°«¦¤µª°¯.
T©¦³¦ ¢³¦ §°¶³ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
ARC2-1: R¦­¦·¢¯µ ª¯§°³®¢µª°¯ ª´ ±³¦´¦¯µ¦¥ µ° ª¯µ¦³¢¤µª¯¨ ±¢³µª¦´.
Dª´¤¶´´ª°¯: I¯ °³¥¦³ µ° £¦ ´¢§¦ ¢¯ ¢¶µ°¯°®°¶´ ´º´µ¦® ®¢º ¯¦¦¥ µ° ±³°·ª¥¦ ª¯§°³®¢µª°¯ °¯ ¸©¢µ ªµ ª´
¤¶³³¦¯µ­º ¥°ª¯¨ ¢¯¥ ¸©¢µ ªµ ª´ ±­¢¯¯ª¯¨ °¯ ¥°ª¯¨, ¢´ ¸¦­­ ¢´ µ©¦ ³¦¢´°¯´ §°³ µ©¦´¦ ¥¦¤ª´ª°¯´. T©ª´ µº±¦ °§
ª¯§°³®¢µª°¯ ®¢º ¯¦¦¥ µ° £¦ ±³¦´¦¯µ¦¥ µ° ¢ ³¢¯¨¦ °§ ±¢³µª¦´, ª¯¤­¶¥ª¯¨ °µ©¦³ ´º´µ¦®´ (£°µ© ¢¶µ°¯°®°¶´
¢¯¥ µ³¢¥ªµª°¯¢­I ¢¯¥ ©¶®¢¯´. I¯ µ©¦ ­¢µµ¦³ ¤¢´¦, µ©ª´ ª¯§°³®¢µª°¯ ®¢º £¦ ±³°·ª¥¦¥ ±¶³¦­º µ° ª¯§°³® ¢ ±¢´´ª·¦
¶´¦³, ¢­µ¦³¯¢µª·¦­º, ªµ ®¢º £¦ ±³°·ª¥¦¥ µ° ´¶±±°³µ µ¦¢®ª¯¨ £¦µ¸¦¦¯ µ©¦ ©¶®¢¯ ¢¯¥ µ©¦ AS, §¢¤ª­ªµ¢µª¯¨ ¢
¤°­­¢£°³¢µª·¦ ¥¦¤ª´ª°¯ ®¢¬ª¯¨ ±³°¤¦´´.













































±¢³µª¦´ ¢¯¥ ¶¯¥¦³´µ¢¯¥ª¯¨ ¸©¢µ ª¯§°³®¢µª°¯ µ©¦º ³¦²¶ª³¦. Aµµ³ª£¶µ¦´ °§ µ©ª´ ª¯§°³®¢µª°¯, §°³ ¦¹¢®±­¦,
¢¤¤¶³¢¤º, µª®¦­ª¯¦´´ ¢¯¥ ¢·¢ª­¢£ª­ªµº ´©°¶­¥ ¢­´° £¦ ¤°¯´ª¥¦³¦¥: µ©¦ ¥¢µ¢-³¦­¢µ¦¥ ¢µµ³ª£¶µ¦´ ­ª´µ¦¥ ª¯ {79}
®¢º £¦ ©¦­±§¶­ ª¯ µ©ª´ ³¦¨¢³¥.
P¢³µ °§ µ©ª´ °£«¦¤µª·¦ ³¦­¢µ¦´ µ° µ©¦ ¤°¯¤¦±µ °§ “¦¹±­¢ª¯¢£­¦ AI”, ¸©ª¤© ª´ ¢¯ ¢¤µª·¦ ³¦´¦¢³¤© ¢³¦¢. T©¦³¦ ¢³¦,
§°³ ¦¹¢®±­¦, ¦´µ¢£­ª´©¦¥ ¸¢º´ °§ ¦¹±­¢ª¯ª¯¨ µ©¦ ³¦´¶­µ °§ ¢ ¤­¢´´ªfi¦³ {67}.
Iµ ª´ ª®±°³µ¢¯µ µ° ³¦¤°¨¯ª´¦ µ©¢µ µ©¦ ¯¢µ¶³¦ °§ ¢¯º ¦¹±­¢¯¢µª°¯ ¯¦¦¥´ µ° £¦ µ¢ª­°³¦¥ µ° µ©¦ ³¦¤¦ª·ª¯¨ ¦¯µªµº
¢¯¥ µ©¦ ±³¦·¢ª­ª¯¨ ´ªµ¶¢µª°¯. F°³ ¦¹¢®±­¦, ª¯ µª®¦-¤³ªµª¤¢­ ´ªµ¶¢µª°¯´, ¢ £³ª¦§ ¦¹±­¢¯¢µª°¯ µ©¢µ ¤¢¯ £¦ ³¢±ª¥­º
¶¯¥¦³´µ°°¥ ®¢º £¦ ®°³¦ ·¢­¶¢£­¦ µ©¢¯ ¢ ¥¦µ¢ª­¦¥ «¶´µªfi¤¢µª°¯. Sª®ª­¢³­º, ¸©¦¯ ¸°³¬ª¯¨ ¢­°¯¨´ª¥¦ ©¶®¢¯´
µ©¦³¦ ®¢º £¦ ¢ ³¦²¶ª³¦®¦¯µ µ° °·¦³¤°®¦ ¢ ©¶®¢¯’́ ª¯ªµª¢­ £¦­ª¦§ µ©¢µ ¢ ¥ªff¦³¦¯µ ¤°¶³´¦ °§ ¢¤µª°¯ ´©°¶­¥ £¦
±¶³´¶¦¥ {4}.
ARC2-2: R¦­¦·¢¯µ ª¯§°³®¢µª°¯ ª´ ¢·¢ª­¢£­¦ µ° ´¶±±°³µ ®¢ª¯µ¦¯¢¯¤¦ ¢¯¥ §¶µ¶³¦
¥¦·¦­°±®¦¯µ.
Dª´¤¶´´ª°¯: O£«¦¤µª·¦ ARC2-1 §°¤¶´¦¥ °¯ °±¦³¢µª°¯¢­ ¶´¦. I¯ ¤°¯µ³¢´µ, µ©ª´ °£«¦¤µª·¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ©
ª¯§°³®¢µª°¯ ¶´¦ ¥¶³ª¯¨ °µ©¦³ ±©¢´¦´ ¸ªµ©ª¯ µ©¦ ´º´µ¦® ­ª§¦¤º¤­¦.
T©¦³¦ ¢³¦ ´¦·¦³¢­ ³¦¢´°¯´ ¸©º ¢¶µ°¯°®°¶´ ´º´µ¦®´, ¢¯¥ ¦´±¦¤ª¢­­º µ©¦ ¢´´°¤ª¢µ¦¥ ML-¦¯¢£­¦¥
¤°®±¶µ¢µª°¯´, ¢³¦ ­ª¬¦­º µ° £¦ ¶±¥¢µ¦¥ ®°³¦ §³¦²¶¦¯µ­º µ©¢¯ µ³¢¥ªµª°¯¢­ ´º´µ¦®´. Fª³´µ­º, ªµ ª´ ¥ªffi¤¶­µ (ª§
¯°µ ª®±°´´ª£­¦I µ° ¤¢±µ¶³¦ ¢­­ ³¦­¦·¢¯µ ´ªµ¶¢µª°¯´ ª¯ TTV ¥¢µ¢; ´¦¤°¯¥­º, ªµ ª´ ¥ªffi¤¶­µ (ª§ ¯°µ ª®±°´´ª£­¦I µ°
¢¥¥³¦´´ ¢­­ ±°µ¦¯µª¢­ ¦¥¨¦ ¤¢´¦´ ¥¶³ª¯¨ ·¦³ªfi¤¢µª°¯ ¢¤µª·ªµª¦´; µ©ª³¥­º, µ©¦ ¥º¯¢®ª¤ ¯¢µ¶³¦ °§ µ©¦ °±¦³¢µª°¯¢­
¦¯·ª³°¯®¦¯µ ®¦¢¯´ ¯¦¸ ³¦²¶ª³¦®¦¯µ´ ®¢º ¦®¦³¨¦; §°¶³µ©­º, µ©¦ ³¦­¢µª·¦ ¦¢´¦ (§³°® ¢ µ¦¤©¯°­°¨ª¤¢­
±¦³´±¦¤µª·¦I ¸ªµ© ¸©ª¤© ¶±¥¢µ¦´ ¤¢¯ £¦ ¥¦±­°º¦¥ ®¢º ­°¸¦³ µ©¦ µ©³¦´©°­¥ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¶±¥¢µ¦
¥¦±­°º®¦¯µ.
T©ª´ °£«¦¤µª·¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ±³°·ª¥ª¯¨ ª¯§°³®¢µª°¯ µ° ´¶±±°³µ µ©¦´¦ ¶±¥¢µ¦´; µ©¦ ¶±¥¢µ¦ ±³°¤¦´´ ªµ´¦­§
ª´ µ©¦ §°¤¶´ °§ µ©¦ ¢¥¢±µ¢µª°¯ ±³°«¦¤µª°¯ (´¶£´¦¤µª°¯ 5.3I. A­´° ¯°µ¦ µ©¢µ µ©ª´ °£«¦¤µª·¦ ³¦­¢µ¦´ µ° ¨¦¯¦³¢­
®¢ª¯µ¦¯¢¯¤¦ ¢¯¥ §¶µ¶³¦ ¥¦·¦­°±®¦¯µ. I¯§°³®¢µª°¯ (¢¯¥ ¢¤µª°¯´I ª¯ ³¦´±°¯´¦ µ° ª¯¤ª¥¦¯µ´ ¢¯¥ ¢¤¤ª¥¦¯µ´
¢³¦ ¤°·¦³¦¥ ª¯ O£«¦¤µª·¦ ARC2-3.
E¹¢®±­¦´: S¢µª´§ºª¯¨ µ©ª´ °£«¦¤µª·¦ ´©°¶­¥ £¦ ³¦­¢µª·¦­º ´µ³¢ª¨©µ§°³¸¢³¥. I¯´±ª³¢µª°¯ ¢´ µ° µ©¦ µº±¦ °§
ª¯§°³®¢µª°¯ µ©¢µ ª´ ¯¦¦¥¦¥ ´©°¶­¥ £¦ ³¦¢¥ª­º ¢·¢ª­¢£­¦ §³°® µ¦´µ ¢¯¥ ¦·¢­¶¢µª°¯ ¢¤µª·ªµª¦´ ¦¢³­ª¦³ ª¯ µ©¦
´º´µ¦® ¥¦·¦­°±®¦¯µ ­ª§¦¤º¤­¦. F°³ ·¦©ª¤­¦´, µ©ª´ ª¯§°³®¢µª°¯ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ª¯¤­¶¥¦ ¥¢µ¢ ³¦­¢µª¯¨ µ°
´¦¯´°³´ ¢¯¥ ¤°¯µ³°­ ´º´µ¦®´, ¢´ ¸¦­­ ¢´ ¥¢µ¢ ¢£°¶µ µ©¦ ·¦©ª¤­¦’́ ®°·¦®¦¯µ {15}.
ARC2-3: R¦­¦·¢¯µ ª¯§°³®¢µª°¯ ª´ ±³¦´¦³·¦¥ µ° ´¶±±°³µ ±°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´.
Dª´¤¶´´ª°¯: L¦¢³¯ª¯¨ §³°® ¦¹±¦³ª¦¯¤¦ ª´ ¢¯ ª®±°³µ¢¯µ ±¢³µ °§ ¢ ®¢µ¶³¦ ´¢§¦µº ¤¶­µ¶³¦. T©ª´ ­¦¢³¯ª¯¨ ¯¦¦¥´
µ° °¤¤¶³ ¢µ ´¦·¦³¢­ ­¦·¦­´, ª¯¤­¶¥ª¯¨ ±­¢µ§°³®-´±¦¤ªfi¤, ¸ªµ©ª¯ ¢ ¥°®¢ª¯ (¦.¨., ¢ª³, ³¢ª­, ³°¢¥I ¢¯¥ ¤³°´´-¥°®¢ª¯.
T©¦ §°³®¦³ °§ µ©¦´¦ ®¢º £¦ ¤°¯µ¢ª¯¦¥ ¸ªµ©ª¯ ¢ ´ª¯¨­¦ °³¨¢¯ª´¢µª°¯, £¶µ µ©¦ ­¢µµ¦³ µ¸° ³¦²¶ª³¦ ª¯§°³®¢µª°¯ µ°
£¦ ¥ª´µ³ª£¶µ¦¥ ¢¤³°´´ ¸ª¥¦³ ¤°®®¶¯ªµª¦´: ¢ª³ ¢¤¤ª¥¦¯µ ª¯·¦´µª¨¢µª°¯´ ¢³¦ ¢¯ ¦¹¢®±­¦ °§ µ©ª´. T©ª´ ­¦¢³¯ª¯¨
ª´ ±³¦¥ª¤¢µ¦¥ °¯ ´¶ªµ¢£­¦ ª¯§°³®¢µª°¯ £¦ª¯¨ ¢·¢ª­¢£­¦.
L¦¨ª´­¢µª·¦ ¢¯¥ ·°­¶¯µ¢³º ´µ³¶¤µ¶³¦´ µ©¢µ ¢­­°¸ “¯° £­¢®¦” ´©¢³ª¯¨ °§ µ©ª´ µº±¦ °§ ª¯§°³®¢µª°¯ ¢³¦ ª®±°³µ¢¯µ,
£¶µ µ©¦º ¢³¦ °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©ª´ °£«¦¤µª·¦ (¢¯¥ µ©ª´ ¥°¤¶®¦¯µI. I¯ ±¢³µª¤¶­¢³, µ©ª´ °£«¦¤µª·¦ ª´ §°¤¶´¦¥













































E¹¢®±­¦´: P¢³µ °§ µ©ª´ °£«¦¤µª·¦ ³¦­¢µ¦´ µ° ±³¦´¦³·ª¯¨ ª¯§°³®¢µª°¯ §°­­°¸ª¯¨ ¢ ¤¢µ¢´µ³°±©ª¤ ¢¤¤ª¥¦¯µ. T©ª´
±³¦´¦³·¢µª°¯ ª´ ­ª¬¦­º µ° ³¦²¶ª³¦ ¤³¢´©-´¶³·ª·¢£­¦ ³¦¤°³¥¦³´. T©¦ ±³¦¤ª´¦ ¯¢µ¶³¦ (ª¯¤­¶¥ª¯¨, £¶µ ¯°µ ­ª®ªµ¦¥
µ°, µª®¦ £°¶¯¥´I °§ µ©¦ ³¦²¶ª³¦¥ ª¯§°³®¢µª°¯ ª´, ª¯¦·ªµ¢£­­º, ¢±±­ª¤¢µª°¯ ´±¦¤ªfi¤. I¯ µ©¦ ¤¢´¦ °§ ³°¢¥ ·¦©ª¤­¦´,
¢¯ ª¯¥ª¤¢µª°¯ °§ µ©¦ ¥¶³¢µª°¯ §°³ ¸©ª¤© ª¯§°³®¢µª°¯ ¯¦¦¥´ µ° £¦ ³¦¤°³¥¦¥ ª´ ±³°·ª¥¦¥ ª¯ {15}.
A¯°µ©¦³ ±¢³µ °§ µ©ª´ °£«¦¤µª·¦ ³¦­¢µ¦´ µ° ®¢¯¢¨ª¯¨ µ©¦ ª®®¦¥ª¢µ¦ ¢§µ¦³®¢µ© °§ ¢¯ ¢¤¤ª¥¦¯µ. I¯ µ©ª´ ¤¢´¦,
´¶ªµ¢£­¦ ª¯§°³®¢µª°¯ ¯¦¦¥´ µ° £¦ ®¢¥¦ ¢·¢ª­¢£­¦ µ° fi³´µ ³¦´±°¯¥¦³´. T©ª´ ¯¦¦¥´ µ° £¦ ±³¦´¦¯µ¦¥ ª¯ ¢¯
ª¯µ¦­­ª¨ª£­¦ ®¢¯¯¦³ ¸ªµ©°¶µ µ©¦ ¯¦¦¥ §°³ ¤°®±­¦¹ ¢¯¢­º´ª´ °³ ª¯µ¦³±³¦µ¢µª°¯ µ¦¤©¯ª²¶¦´ {15}.
A ¬¦º ¤©¢­­¦¯¨¦ ª¯ µ©¦ ¤°¯µ¦¹µ °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´ ª´ µ©¢µ ªµ ®ª¨©µ ¯°µ £¦ ³¦¢¥ª­º ¢±±¢³¦¯µ µ©¢µ µ©¦
´º´µ¦® ©¢´ £¦¦¯ ª¯·°­·¦¥ ª¯ ¢¯ ¢¤¤ª¥¦¯µ. T©ª´ ¤°¶­¥ £¦ µ©¦ ¤¢´¦ ª§, §°³ ¦¹¢®±­¦, µ©¦ ¢¤¤ª¥¦¯µ ³¦´¶­µ¦¥ ª¯
¥¢®¢¨¦ µ° °µ©¦³ ¦¯µªµª¦´ £¶µ ­¦§µ µ©¦ ±­¢µ§°³® ¶¯´¤¢µ©¦¥. Iµ ¤°¶­¥ ¢­´° £¦ µ©¦ ¤¢´¦ ª§ ¢¯ ª¯¤ª¥¦¯µ ¸¢´ ¢
¯¦¢³ ®ª´´, ¸©ª¤© ­¦¥ µ° ¯° ¥¢®¢¨¦. P³°·ª¥ª¯¨ ´¶ffi¤ª¦¯µ ª¯§°³®¢µª°¯ µ° ´¶±±°³µ µ©¦´¦ µº±¦´ °§ ¢¯¢­º´¦´ ª´
­ª¬¦­º µ° ³¦²¶ª³¦ ¤°®±­¦¹ µ³¢¥¦-°ff´ £¦µ¸¦¦¯: µ©¦ ·°­¶®¦ °§ ª¯§°³®¢µª°¯ ³¦¤°³¥¦¥; µ©¦ ±¦³ª°¥ §°³ ¸©ª¤© µ©¦
ª¯§°³®¢µª°¯ ª´ ´µ°³¦¥; ¢¯¥ µ©¦ ­°¤¢µª°¯ ¢µ ¸©ª¤© µ©¦ ¢¯¢­º´ª´ ª´ ¤°¯¥¶¤µ¦¥ (¦.¨., °¯-±­¢µ§°³® °³ °ff-±­¢µ§°³®I.
Iµ ª´ ¢­´° ­ª¬¦­º µ° ³¦²¶ª³¦ ³¦¨¶­¢³ ¢¯¢­º´ª´ °§ ­°¨¨¦¥ ª¯§°³®¢µª°¯ {62}.
ARC2-4: I¯§°³®¢µª°¯ ª´ ®¢¯¢¨¦¥ ´¦¤¶³¦­º.
Dª´¤¶´´ª°¯: T©¦ ±³¦¤¦¥ª¯¨ °£«¦¤µª·¦´ ª¯ µ©ª´ ±³°«¦¤µª°¯ ©¢·¦ ¥¦®°¯´µ³¢µ¦¥ µ©¦ ´¢§¦µº-³¦­¢µ¦¥ ª®±°³µ¢¯¤¦
°§ ¢ ¸ª¥¦ ·¢³ª¦µº °§ ª¯§°³®¢µª°¯. Iµ §°­­°¸´ µ©¢µ µ©ª´ ª¯§°³®¢µª°¯ ¯¦¦¥´ µ° £¦ ®¢¯¢¨¦¥ ´¦¤¶³¦­º.
T©ª´ ¸ª­­ ³¦²¶ª³¦ µ³¢¥ªµª°¯¢­ ¢±±³°¢¤©¦´ µ° ¤º£¦³ ´¦¤¶³ªµº, §°³ ¦¹¢®±­¦, µ©°´¦ ±³°®°µ¦¥ £º µ©¦ N¢µª°¯¢­
Cº£¦³ S¦¤¶³ªµº C¦¯µ³¦ (NCSCI3. H°¸¦·¦³, µ©¦³¦ ¢³¦ ¢´±¦¤µ´ °§ ML µ©¢µ ®¢º ¸¢³³¢¯µ ´±¦¤ªfi¤ ¤°¯´ª¥¦³¢µª°¯.
F°³ ¦¹¢®±­¦, £°µ© µ©¦ µ³¢ª¯¦¥ ®°¥¦­ ¢¯¥ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ ®¢º ¯¦¦¥ µ° £¦ ¬¦±µ ¤°¯fi¥¦¯µª¢­.
E¹¢®±­¦´: I¯ ¨¦¯¦³¢­, µ©¦³¦ ª´ ¢ µ³¢¥¦ £¦µ¸¦¦¯ ¢­­°¸ª¯¨ ¶´¦ °§ ¢ ®°¥¦­ ¢¯¥ ±³¦·¦¯µª¯¨ ªµ, °³ ªµ´ µ³¢ª¯ª¯¨
¥¢µ¢, £¦ª¯¨ ³¦·¦³´¦ ¦¯¨ª¯¦¦³¦¥.
S¶¤¤¦´´§¶­ ¢µµ¢¤¬´ µ©¢µ ¢­­°¸ ®°¥¦­´ µ° £¦ ³¦¤³¦¢µ¦¥ ¢§µ¦³ ¢ ­ª®ªµ¦¥ ¯¶®£¦³ °§ ²¶¦³ª¦´ ©¢·¦ £¦¦¯
¥¦®°¯´µ³¢µ¦¥ {80}. T©¦³¦ ¢³¦ ´¦·¦³¢­ ±°´´ª£­¦ ¢±±³°¢¤©¦´ µ©¢µ ¤°¶­¥ £¦ ¶´¦¥ µ° ³¦¥¶¤¦, £¶µ ¯°µ ¦­ª®ª¯¢µ¦,
µ©ª´ ³ª´¬. E¹¢®±­¦´ ª¯¤­¶¥¦: ­ª®ªµª¯¨ µ©¦ ¯¶®£¦³ °§ ²¶¦³ª¦´ ¢ ´ª¯¨­¦ ¶´¦³ ¤¢¯ ®¢¬¦ °§ ¢ ®°¥¦­ (¸©ª¤©
³¦²¶ª³¦´ ´°®¦ ¸¢º °§ ª¥¦¯µª§ºª¯¨ ¶´¦³´I; ¢¯¥ ¢¥¥ª¯¨ ¯°ª´¦ µ° µ©¦ ®°¥¦­’́ °¶µ±¶µ (¸©ª¤© ³¦²¶ª³¦´ ´°®¦
¸¢º °§ ª¥¦¯µª§ºª¯¨ ©°¸ ®¶¤© ¯°ª´¦ ´©°¶­¥ £¦ ¢¥¥¦¥I. T©¦´¦ ¢±±³°¢¤©¦´ ¢­´° ¢¥·¦³´¦­º ¢ff¦¤µ µ©¦ ®°¥¦­’́
±¦³§°³®¢¯¤¦. M°³¦ ¨¦¯¦³¢­­º, ª¯´±ª³¢µª°¯ ®¢º £¦ ¨¢ª¯¦¥ §³°® ±³ª·¢¤º-±³¦´¦³·ª¯¨ ¥¢µ¢ ®ª¯ª¯¨ {2}.
A¯ ¢­µ¦³¯¢µª·¦ ¢±±³°¢¤© ®¢º ª¯·°­·¦ ¶´ª¯¨ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ µ° ±³¦·¦¯µ ±°µ¦¯µª¢­ ¢¥·¦³´¢³ª¦´
¨¦µµª¯¨ ¥ª³¦¤µ ¢¤¤¦´´ µ° µ©¦ ª¯±¶µ´ ¢¯¥ °¶µ±¶µ´ §³°® ¢¯ ML ®°¥¦­, §°³ ¦¹¢®±­¦, £º ±¢´´ª¯¨ µ©¦® µ©³°¶¨©
±³¦-±³°¤¦´´ª¯¨ ¢­¨°³ªµ©®´. T©ª´ ¸°¶­¥ ³¦²¶ª³¦ µ³¢¥ªµª°¯¢­ ¤º£¦³ ´¦¤¶³ªµº ¢±±³°¢¤©¦´ µ° ±³°µ¦¤µ µ©¦´¦
¢­¨°³ªµ©®´.
T©¦³¦ ¢³¦ ¢­´° ¢µµ¢¤¬´ µ©¢µ ¤¢¯ ¦¹±°´¦ ¢´±¦¤µ´ °§ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢, §°³ ¦¹¢®±­¦ {32}. A¨¢ª¯, ±³°µ¦¤µª¯¨
¢¨¢ª¯´µ µ©¦´¦ ®¢º ª¯·°­·¦ ¶´ª¯¨ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ µ° ±³°µ¦¤µ ¢¨¢ª¯´µ ¢¥·¦³´¢³ª¦´ °£µ¢ª¯ª¯¨ ¥ª³¦¤µ
















































I¯ ´°®¦ ¤¢´¦´, ¢¯ ª¯´µ¢¯¤¦ °§ ¢ ¤°®±¶µ¢µª°¯ ®¢º £¦ ­¦§µ ¶¯¢­µ¦³¦¥ ¢§µ¦³ ªµ ª´ ¥¦±­°º¦¥ ª¯µ° °±¦³¢µª°¯¢­
¶´¦. A­µ¦³¯¢µª·¦­º, ¢­­ ´¶£´¦²¶¦¯µ ³¦­¦¢´¦´ ®¢º ±³°¨³¦´´ µ©³°¶¨© ¢ §¶­­ ¦¯¨ª¯¦¦³ª¯¨ ¥¦·¦­°±®¦¯µ ±³°¤¦´´.
I§ ¦ªµ©¦³ °§ µ©¦´¦ ¢±±³°¢¤©¦´ ª´ ¢¥°±µ¦¥ µ©¦¯ µ©¦ ¢¥¢±µ¢µª°¯ ±³°«¦¤µª°¯ ª´ ¯°µ ³¦­¦·¢¯µ µ° µ©¢µ ¢±±­ª¤¢µª°¯.
H°¸¦·¦³, ªµ ª´ ¦¹±¦¤µ¦¥ µ©¢µ ®¢¯º ¤°®±¶µ¢µª°¯´ ¥¦·¦­°±¦¥ ¶´ª¯¨ ML µ¦¤©¯ª²¶¦´ ¸ª­­ £¦ ¢¥¢±µ¦¥ ª¯ ´°®¦
¸¢º §°­­°¸ª¯¨ µ©¦ª³ ª¯ªµª¢­ °±¦³¢µª°¯¢­ ¶´¦. T©ª´ ¤°¶­¥ £¦ ¢¤©ª¦·¦¥ ¶´ª¯¨ ¢ ·¢³ª¦µº °§ ®¦¤©¢¯ª´®´, ª¯¤­¶¥ª¯¨:
°¯­ª¯¦ ­¦¢³¯ª¯¨ (¸©¦³¦ µ©¦ ¤°®±¶µ¢µª°¯ ¤°¯µª¯¶¦´ ­¦¢³¯ª¯¨ ¢¯¥, ¤°¯´¦²¶¦¯µ­º, ¢¥¢±µ´ ¥¶³ª¯¨ °±¦³¢µª°¯¢­
¶´¦I; ¢¯¥ ¯ª¨©µ­º °·¦³-µ©¦-¢ª³ ¶±¥¢µ¦´ (¸©ª¤© ¢³¦ ³¦­¦¢´¦¥ ¢§µ¦³ ¢ ³¦¥¶¤¦¥ ¢®°¶¯µ °§ ³¦¨³¦´´ª°¯ µ¦´µª¯¨,
³¢µ©¦³ µ©¢¯ §°­­°¸ª¯¨ µ©¦ §¶­­ ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´I.
T©¦³¦ ¢³¦ µ¸° °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
ARC3-1: I¯¢±±³°±³ª¢µ¦ °³ ¶¯¢¶µ©°³ª´¦¥ ¢¥¢±µ¢µª°¯´ ¥° ¯°µ °¤¤¶³.
Dª´¤¶´´ª°¯: F¶¯¥¢®¦¯µ¢­­º, ¢¯ ¢¥¢±µ¢µª°¯ ¤©¢¯¨¦´ ´°®¦ ¢´±¦¤µ °§ µ©¦ ¤°®±¶µ¢µª°¯’́ £¦©¢·ª°¶³. T©ª´
®¦¢¯´ ¢¥¢±µ¢µª°¯´ ©¢·¦ µ©¦ ±°µ¦¯µª¢­ µ° ¶¯¥¦³®ª¯¦ ¢¯ ¢´´¶³¢¯¤¦ ¤¢´¦ ¢¯¥ ¯¦¦¥ µ° £¦ ®¢¯¢¨¦¥ ¤¢³¦§¶­­º.
F°³ µ©¦ ±¶³±°´¦´ °§ µ©ª´ °£«¦¤µª·¦, ¢¯ ª¯¢±±³°±³ª¢µ¦ ¢¥¢±µ¢µª°¯ ¸°¶­¥ £¦ °¯¦ µ©¢µ ¥ª¥ ¯°µ ¢¤©ª¦·¦
µ©¦ ª¯µ¦¯¥¦¥ ¢ª®´. A´ ´¶¤©, µ©¦ ¯°µª°¯ °§ ¸©¢µ ª´ ª¯¢±±³°±³ª¢µ¦ ª´, ª¯¦·ªµ¢£­º, ¤°¯µ¦¹µ ´±¦¤ªfi¤.
P°µ¦¯µª¢­ ¦¹¢®±­¦´ ª¯¤­¶¥¦ ¢¯ ¢¥¢±µ¢µª°¯ µ©¢µ: ¶¯ª¯µ¦¯µª°¯¢­­º ³¦¥¶¤¦´ µ©¦ ¤°®±¶µ¢µª°¯’́ ±¦³§°³®¢¯¤¦
ª¯ ¤°®®°¯ ´ªµ¶¢µª°¯´; ¶¯ª¯µ¦¯µª°¯¢­­º ³¦¥¶¤¦´ µ©¦ ¤°®±¶µ¢µª°¯’́ ±¦³§°³®¢¯¤¦ ª¯ ³¢³¦ ´ªµ¶¢µª°¯´; ¢­µ¦³´ µ©¦
¤°®±¶µ¢µª°¯’́ ¯°¯-§¶¯¤µª°¯¢­ £¦©¢·ª°¶³ ª¯ ¢ ¸¢º µ©¢µ ¥¦µ³ª®¦¯µ¢­­º ¢ff¦¤µ´ ª¯µ¦³§¢¤ª¯¨ ªµ¦®´. A¯ ¢¥¢±µ¢µª°¯
µ©¢µ ¸¢´ ª¯¤°³³¦¤µ, ±¦³©¢±´ £¦¤¢¶´¦ ªµ ¥ª¥ ¯°µ ¤°³³¦´±°¯¥ µ° µ©¦ ¦¹±¦¤µ¦¥ ª¯§°³®¢µª°¯ §°³®¢µ, ¸°¶­¥ ¢­´°
£¦ ¤°¯´ª¥¦³¦¥ µ° £¦ ª¯¢±±³°±³ª¢µ¦.
C°¯·¦³´¦­º, ¢¯ ¶¯¢¶µ©°³ª´¦¥ ¢¥¢±µ¢µª°¯ ¸°¶­¥ £¦ °¯¦ µ©¢µ ¸¢´ ®¢¥¦ ¸ªµ©°¶µ ¢±±³°±³ª¢µ¦ ¢¶µ©°³ª´¢µª°¯.
T©ª´ ¤°¶­¥, §°³ ¦¹¢®±­¦, °¤¤¶³ ª§ ¢ ®¢­ª¤ª°¶´ µ©ª³¥ ±¢³µº, °³ ¢ ³°¨¶¦ ¦®±­°º¦¦, ª®±­¦®¦¯µ¦¥ ¢¯ ¢¥¢±µ¢µª°¯
µ©¢µ ¸¢´ ª¯µ¦¯¥¦¥ µ° ¤¢¶´¦ ©¢³®. A­µ¦³¯¢µª·¦­º, ¢¯ ¢¥¢±µ¢µª°¯ µ©¢µ ¸¢´ ³¦­¦¢´¦¥ £º µ©¦ ¤°®±¶µ¢µª°¯
¥¦·¦­°±¦³´ £¶µ ¸©ª¤© ©¢¥ ¯°µ ¤°®±­¦µ¦¥ µ©¦ ¯¦¤¦´´¢³º ±³¦-³¦­¦¢´¦ ±³°¤¦´´¦´ ¸°¶­¥ ¢­´° £¦ ¤°¯´ª¥¦³¦¥
¶¯¢¶µ©°³ª´¦¥.
E¹¢®±­¦´: Sª¯¤¦ ªµ ¶´¦´ ¢ ·¦³º ¥ª´µª¯¤µ ¢±±³°¢¤© ªµ ª´ ´ª®±­¦´µ µ° ¤°¯´ª¥¦³ °¯­ª¯¦ ­¦¢³¯ª¯¨ ¢´ ¢ ´±¦¤ª¢­ ¤¢´¦.
T©ª´ ª´ ®°´µ ¤°®®°¯­º ¢¤©ª¦·¦¥ ·ª¢ RL. T©¦³¦ ¢³¦ ¢ ·¢³ª¦µº °§ ¢±±³°¢¤©¦´ µ° ¦¯´¶³ª¯¨ ¢¥¢±µ¢µª°¯´ ·ª¢ RL
¢³¦ ¢±±³°±³ª¢µ¦, ª¯¤­¶¥ª¯¨: ¤°¯´µ³¢ª¯ª¯¨ µ©¦ °±µª®ª´¢µª°¯ ¤³ªµ¦³ª°¯; ¢¥°±µª¯¨ ¢ ³ª´¬-´¦¯´ªµª·¦ °±µª®ª´¢µª°¯
¤³ªµ¦³ª°¯; ©¢·ª¯¨ µ©¦ ¤°®±¶µ¢µª°¯ ¢´¬ §°³ ©¦­±; ¢¯¥ ¶´ª¯¨ ³ª´¬-¥ª³¦¤µ¦¥ ¦¹±­°³¢µª°¯ {33}. A­µ¦³¯¢µª·¦­º, °³
¢¥¥ªµª°¯¢­­º, ªµ ®¢º £¦ ±°´´ª£­¦ µ° ±³°·ª¥¦ ¢ ´¦µ °§ ¢£´µ³¢¤µ ±°­ª¤ª¦´ µ©¢µ §°³®¢­­º ¤°¯´µ³¢ª¯ µ©¦ ¦¹±­°³¢µª°¯
°§ ¢¯ RL ¢¨¦¯µ {57} °³ ª¯¤­¶¥ª¯¨ ¢ ³¦±³¦´¦¯µ¢µª°¯ °§ §¦¢³ ¸ªµ©ª¯ µ©¦ ­¦¢³¯ª¯¨ ®¦¤©¢¯ª´® {54}.
T©¦ ¯¢µ¶³¦ °§ °¯­ª¯¦ ­¦¢³¯ª¯¨ ª´ µ©¢µ ªµ ©¢±±¦¯´ ¤°¯µª¯¶°¶´­º, ¢´ ¢ ¯¢µ¶³¢­ ±¢³µ °§ µ©¦ ¤°®±¶µ¢µª°¯’́
¶´¦. H¦¯¤¦, µ©¦ ®¦¤©¢¯ª´® £º ¸©ª¤© ¢¥¢±µ¢µª°¯´ ¢³¦ ¢¤©ª¦·¦¥ §°³®´ ±¢³µ °§ µ©¦ §¶­­ ¦¯¨ª¯¦¦³ª¯¨ ¤º¤­¦
¢´´°¤ª¢µ¦¥ ¸ªµ© ª¯ªµª¢­ ³¦­¦¢´¦ µ° °±¦³¢µª°¯¢­ ¶´¦. C°¯´¦²¶¦¯µ­º, µ©¦ ¯°µª°¯ °§ ¢¯ ¶¯¢¶µ©°³ª´¦¥ ¢¥¢±µ¢µª°¯
¥°¦´ ¯°µ ¢±±­º ª¯ µ©ª´ ¤¢´¦.
F°³ ¤°®±¶µ¢µª°¯´ ¸©°´¦ £¦©¢·ª°¶³ ª´ ¯°µ ¢­µ¦³¦¥ £º µ©¦ª³ ¶´¦, ¢¯ ¢¥¢±µ¢µª°¯ ª¯·°­·¦´ ¢ ¥¦­ª£¦³¢µ¦ ¢¤µ,
µº±ª¤¢­­º ­°¢¥ª¯¨ ¯¦¸ ±¢³¢®¦µ¦³´ (°³ ©º±¦³-±¢³¢®¦µ¦³´I. F°³ ¦¹¢®±­¦, ª¯ µ©¦ ¤¢´¦ °§ ¢¯ NN, ¢¯ ¢¥¢±µ¢µª°¯
®¢º ª¯·°­·¦ ­°¢¥ª¯¨ ¯¦¸ ¯¦µ¸°³¬ ¸¦ª¨©µ´ ¢¯¥ £ª¢´¦´. C°¯´ª¥¦³¢µª°¯´ ¢´´°¤ª¢µ¦¥ ¸ªµ© P¢³¢®¦µ¦³ D¢µ¢
Iµ¦®´ (PDI´I ¢³¦ ª®±°³µ¢¯µ, §°³ ¦¹¢®±­¦, µ©¦ ¥¢µ¢ £¦ª¯¨ ®¢¯¢¨¦¥ ¢´ ¢ ¥ª´µª¯¤µ ¦¯µªµº ¢¯¥ ªµ´ ¦ff¦¤µ °¯
¤°®±¶µ¢µª°¯ £¦©¢·ª°¶³ £¦ª¯¨ ¶¯¥¦³´µ°°¥ {69}; µ©ª´ ­¢µµ¦³ ±°ª¯µ ®¢º, §°³ ¦¹¢®±­¦, ³¦²¶ª³¦ ´°®¦ §°³® °§












































S°®¦ §°³® °§ µ¦´µª¯¨ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¤°¯¥¶¤µ¦¥ £¦§°³¦ ¢¯ ¢¥¢±µ¢µª°¯ ¸¢´ ±¦³§°³®¦¥. T©ª´
´©°¶­¥ £¦ ´¶ffi¤ª¦¯µ µ° ±³¦·¦¯µ ¤¢´¦´ ¸©¦³¦ µ©¦ ¢¥¢±µ¢µª°¯ ¶¯ª¯µ¦¯µª°¯¢­­º ³¦¥¶¤¦´ µ©¦ ¤°®±¶µ¢µª°¯’́
±¦³§°³®¢¯¤¦ ª¯ ¤°®®°¯ ´ªµ¶¢µª°¯´. O¯¦ ¸¢º °§ ¢¤©ª¦·ª¯¨ µ©ª´ ¸°¶­¥ £¦ µ° ¥¦fi¯¦ ¢ ¤°­­¦¤µª°¯ °§ ´ªµ¶¢µª°¯´,
¢­°¯¨ ¸ªµ© ¢ ®ª¯ª®¶® ­¦·¦­ °§ ±¦³§°³®¢¯¤¦ ª¯ ¦¢¤©. A¥¢±µ¢µª°¯´ ¸°¶­¥ °¯­º £¦ ¤°¯´ª¥¦³¦¥ ¢±±³°±³ª¢µ¦ ª§ ¢µ
­¦¢´µ µ©¦ ®ª¯ª®¶® ­¦·¦­ °§ ±¦³§°³®¢¯¤¦ (ª¯¤­¶¥ª¯¨ ´¢§¦µº ¢¯¥ ´¦¤¶³ªµºI ¸¢´ ¢¤©ª¦·¦¥ ª¯ ¦¢¤© ´ªµ¶¢µª°¯. T©ª´
¤°­­¦¤µª°¯ °§ ´ªµ¶¢µª°¯´ ¤¢¯ £¦ ·ª¦¸¦¥ ¢´ £¦ª¯¨ ¢¯¢­°¨°¶´ µ° ¢ ®ª¯ª®¢­ ´¦µ °§ ³¦¨³¦´´ª°¯ µ¦´µ´ §°³ µ³¢¥ªµª°¯¢­
´°§µ¸¢³¦. Iµ ¤¢¯ ¢­´° £¦ ·ª¦¸¦¥ ¢´ ¢¯¢­°¨°¶´ µ° µ©¦ ¤³ªµ¦³ª¢ ¶´¦¥ µ° ·¢­ª¥¢µ¦ flª¨©µ ´ª®¶­¢µª°¯ µ³¢ª¯ª¯¨ ¥¦·ª¤¦´
{28}. N°µ¦, ©°¸¦·¦³, µ©¢µ ¢·ª¢µª°¯ ª´ ¢ ¸¦­­-¶¯¥¦³´µ°°¥ ¥°®¢ª¯. D¦µ¦³®ª¯ª¯¨ ¢¯ ¢±±³°±³ª¢µ¦ ¤°­­¦¤µª°¯ °§
´ªµ¶¢µª°¯´ ª´ ­ª¬¦­º µ° £¦ ®°³¦ ¥ªffi¤¶­µ ª¯ ®¢¯º °µ©¦³ ¥°®¢ª¯´. A­´° ¯°µ¦ µ©¢µ µ©¦ ¤°­­¦¤µª°¯ ®¢º ¯¦¦¥ µ°
¤©¢¯¨¦, ¦ªµ©¦³ ª¯ ³¦´±°¯´¦ µ° ¤©¢¯¨¦´ ª¯ µ©¦ ¤°®±¶µ¢µª°¯, °³ ¤©¢¯¨¦´ ª¯ µ©¦ ¦¹µ¦³¯¢­ ¦¯·ª³°¯®¦¯µ ª¯ ¸©ª¤©
µ©¦ ´º´µ¦® ª´ ¶´¦¥.
P³°µ¦¤µª¯¨ ¢¨¢ª¯´µ µ©¦ ¤¢´¦ ¸©¦³¦ µ©¦ ¢¥¢±µ¢µª°¯ ¶¯ª¯µ¦¯µª°¯¢­­º ³¦¥¶¤¦´ µ©¦ ¤°®±¶µ¢µª°¯’́ ±¦³§°³®¢¯¤¦
ª¯ ³¢³¦ ´ªµ¶¢µª°¯´ ª´ ®°³¦ ¥ªffi¤¶­µ. I¯®¢¯º ¤¢´¦´ ¢ £¢­¢¯¤¦ ©¢´ µ° £¦ §°¶¯¥ £¦µ¸¦¦¯ ¦¯¢¤µª¯¨ ¢¯ ¢¥¢±µ¢µª°¯
µ©¢µ ¸ª­­ ¥¦®°¯´µ³¢£­º £¦¯¦fiµ ¤°®±¶µ¢µª°¯ ±¦³§°³®¢¯¤¦ ª¯ ¤°®®°¯ ´ªµ¶¢µª°¯´ ¢¨¢ª¯´µ µ©¦ ±°´´ª£ª­ªµº
µ©¢µ µ©¦ ´¢®¦ ¢¥¢±µ¢µª°¯ ¤°¶­¥ ³¦¥¶¤¦ ±¦³§°³®¢¯¤¦ (ª¯ ¢ ¸¢º µ©¢µ ¢ff¦¤µ´ ´¢§¦µºI ª¯ ³¢³¦ ´ªµ¶¢µª°¯´. A¯
¦·ª¥¦¯¤¦-£¢´¦¥, ´µ³¶¤µ¶³¦¥ ¢³¨¶®¦¯µ ª´ ­ª¬¦­º µ° £¦ ³¦²¶ª³¦¥ µ° ¥¦®°¯´µ³¢µ¦ µ©¢µ ¢¯ ¢±±³°±³ª¢µ¦ £¢­¢¯¤¦
©¢´ £¦¦¯ ¢¤©ª¦·¦¥. F¦¢µ¶³¦´ °§ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦, ¦´±¦¤ª¢­­º µ©°´¦ ³¦­¢µ¦¥ µ° µ©¦ µ°­¦³¢¯¤¦
±³°«¦¤µª°¯ (´¶£´¦¤µª°¯ 5.1I, ¤°¶­¥ ±³°µ¦¤µ ¢¨¢ª¯´µ ¦¨³¦¨ª°¶´ ´¢§¦µº §¢ª­¶³¦´; ª§ ±³¦´¦¯µ, µ©¦´¦ ¤°¶­¥ ¢­´°
´ª®±­ª§º µ©¦ “£¢­¢¯¤¦” ¢³¨¶®¦¯µ.
T©¦³¦ ¢³¦ ´¦·¦³¢­ ¢´±¦¤µ´ µ° ¶¯¥¦³´µ¢¯¥ª¯¨ ©°¸ ¢¯ ¢¥¢±µ¢µª°¯ ®¢º ¢ff¦¤µ ª¯µ¦³§¢¤ª¯¨ ªµ¦®´. B³°¢¥­º
´±¦¢¬ª¯¨, µ©³¦¦ ¤¢µ¦¨°³ª¦´ °§ ª¯µ¦³§¢¤ª¯¨ ªµ¦® ¤¢¯ £¦ ¤°¯´ª¥¦³¦¥: ªµ¦®´ ¸ªµ©ª¯ µ©¦ ´¢®¦ ±­¢µ§°³® ¢´ µ©¦
¤°®±¶µ¢µª°¯; ªµ¦®´ ¸ªµ©ª¯ °µ©¦³ ´º´µ¦®´; ¢¯¥ ª¯µ¦³¢¤µª°¯´ ¸ªµ© ©¶®¢¯´. P­¢µ§°³®-­¦·¦­ µ¦´µª¯¨ °¶¨©µ µ°
¦¯´¶³¦ µ©¦ ¢¥¢±µ¢µª°¯ ¥°¦´ ¯°µ ¢¥·¦³´¦­º ¢ff¦¤µ ª¯µ¦³§¢¤ª¯¨ ªµ¦®´ ¸ªµ©ª¯ µ©¦ ´º´µ¦®. Lª¬¦¸ª´¦, µ©ª´ µ¦´µª¯¨
¢­´° °¶¨©µ µ° ¤°·¦³ (±­¢¯¯¦¥I ª¯µ¦³¢¤µª°¯´ ¸ªµ© °µ©¦³ ´º´µ¦®´. I¯µ¦³¢¤µª°¯´ ¸ªµ© ©¶®¢¯´ ¢³¦ ®°³¦ ´¶£µ­¦,
¦´±¦¤ª¢­­º ª§ µ©¦ ©¶®¢¯ ³¦²¶ª³¦´ µ³¢ª¯ª¯¨ °³ ¤¦³µªfi¤¢µª°¯ ª¯ °³¥¦³ µ° ¶´¦ µ©¦ ¤°®±¶µ¢µª°¯. I¯ µ©ª´ ¤¢´¦, µ©¦
ª®±¢¤µ °§ µ©¦ ¢¥¢±µ¢µª°¯ °¯ ¶´¦³ µ³¢ª¯ª¯¨ °³ ¤¦³µªfi¤¢µª°¯ ¯¦¦¥´ µ° £¦ ¤°¯´ª¥¦³¦¥. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´
¯¦¦¥ µ° µ¢¬¦ ¢¤¤°¶¯µ °§ ¯°µ «¶´µ µ©¦ ­¢µ¦´µ ¢¥¢±µ¢µª°¯, £¶µ µ©¦ ¤¶®¶­¢µª·¦ ¦ff¦¤µ °§ ¢­­ ¢¥¢±µ¢µª°¯´ µ©¢µ ©¢·¦
°¤¤¶³³¦¥ ´ª¯¤¦ µ©¦ ­¢´µ µ³¢ª¯ª¯¨ °³ ¤¦³µªfi¤¢µª°¯.
T©¦³¦ ¢³¦ µ¸° ®¢ª¯ ¢´±¦¤µ´ µ° ±³¦·¦¯µª¯¨ ¶¯¢¶µ©°³ª´¦¥ ¢¥¢±µ¢µª°¯´: ¤º£¦³ ´¦¤¶³ªµº; ¢¯¥ ®¢¯¢¨¦®¦¯µ.
G¶ª¥¢¯¤¦ °¯ ¤º£¦³ ´¦¤¶³ªµº ª´ ¢·¢ª­¢£­¦ §³°® ¢ ¯¶®£¦³ °§ ´°¶³¤¦´, ª¯¤­¶¥ª¯¨ ¤º£¦³ ´¦¤¶³ªµº ±³ª¯¤ª±­¦´ §°³
¤°¯¯¦¤µ¦¥ ¢¯¥ ¢¶µ°®¢µ¦¥ ·¦©ª¤­¦´ {23} (¸©ª¤© ¤¢¯ £¦ ¨¦¯¦³¢­ª´¦¥ µ° ¤°·¦³ ¢ ¸ª¥¦ ³¢¯¨¦ °§ ¢¶µ°¯°®°¶´
´º´µ¦®´I ¢¯¥ µ©¦ NCSC. G¦¯¦³¢­ ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´¦´, ¦´±¦¤ª¢­­º µ©°´¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© ´¢§¦µº-³¦­¢µ¦¥
´º´µ¦®´, ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ¤°¯µ¢ª¯ ´¢§¦¨¶¢³¥´ µ©¢µ ±³¦·¦¯µ ¶¯¢¶µ©°³ª´¦¥ ³¦­¦¢´¦´.
T©¦ ±³¦¤¦¥ª¯¨ ¥ª´¤¶´´ª°¯ ©¢´ §°¤¶´¦¥ °¯ ¤©¢¯¨¦´ µ° µ©¦ ¤°®±¶µ¢µª°¯. C©¢¯¨¦´ µ° ´¶±±°³µª¯¨ ´°§µ¸¢³¦
¢¯¥ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ ¢³¦ ¢­´° ª®±°³µ¢¯µ, £¶µ µ©¦´¦ ´©°¶­¥ £¦ ®¢¯¢¨¦¢£­¦ ¸ªµ©ª¯ ¯°³®¢­
¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´¦´.
ARC3-2: C°®±¶µ¢µª°¯ £¦©¢·ª°¶³ ª´ ¢±±³°±³ª¢µ¦ £¦§°³¦, ¥¶³ª¯¨ ¢¯¥ ¢§µ¦³ ¢¯ ¢¥¢±µ¢µª°¯.
Dª´¤¶´´ª°¯: T©ª´ °£«¦¤µª·¦ ³¦¤°¨¯ª´¦´ ¢ ¯¶®£¦³ °§ µ©ª¯¨´, ´±¦¤ªfi¤¢­­º: ¢¥¢±µ¢µª°¯´ ´©°¶­¥ £¦ ±¦³§°³®¦¥
¢¨¢ª¯´µ ¢ ¬¯°¸¯ £¢´¦­ª¯¦; ¢ ¤°®±¶µ¢µª°¯ ®¢º £¦ ª¯ ¶´¦ ¸©¦¯ ¢¯ ¢¥¢±µ¢µª°¯ ³¦²¶¦´µ (°³ ¤°®®¢¯¥I ª´
³¦¤¦ª·¦¥; ¢¯ ¢¥¢±µ¢µª°¯ ¤¢¯¯°µ £¦ ¢±±­ª¦¥ ª¯´µ¢¯µ¢¯¦°¶´­º; ¢¯¥ µ©¦ ±³°¤¦´´ °§ ¢±±­ºª¯¨ µ©¦ ¢¥¢±µ¢µª°¯
®¢º §¢ª­.
A¯º °§ µ©¦´¦ §¢¤µ°³´ ¤°¶­¥ ¶¯¥¦³®ª¯¦ ¢¯ ¢´´¶³¢¯¤¦ ¢³¨¶®¦¯µ. S°®¦, ­ª¬¦ µ©¦ fi¯ªµ¦ ¢®°¶¯µ °§ µª®¦ µ¢¬¦¯













































°µ©¦³´, ­ª¬¦ µ©¦ ¤°¯´¦²¶¦¯¤¦´ °§ ¢ §¢ª­¦¥ ¢¥¢±µ¢µª°¯, ®¢º £¦ ±¦³´ª´µ¦¯µ (¶¯­¦´´ ¢±±³°±³ª¢µ¦ ¢¤µª°¯ ª´ µ¢¬¦¯I.
T©ª´ °£«¦¤µª·¦ ¢­´° ³¦¤°¨¯ª´¦´ µ©¢µ ®¢¯º ¥ªff¦³¦¯µ µº±¦´ °§ ¤°®±¶µ¢µª°¯ £¦©¢·ª°¶³ ®¢º £¦ ¢±±³°±³ª¢µ¦.
T©ª´ ª´ ¢ ¤°¯´¦²¶¦¯¤¦ °§ ³¦²¶ª³¦®¦¯µ´ £¦ª¯¨ ª®±­ª¤ªµ­º ¦¹±³¦´´¦¥ ·ª¢ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢, ³¢µ©¦³ µ©¢¯ £¦ª¯¨
§°³®¢­­º ¥¦¤°®±°´¦¥ (ª¯ ¢ µ³¢¤¦¢£­¦ ®¢¯¯¦³I ¢´ ª´ µ©¦ ¤¢´¦ §°³ µ³¢¥ªµª°¯¢­ ´¢§¦µº-³¦­¢µ¦¥ ´°§µ¸¢³¦.
E¹¢®±­¦´: I§ ¢­­ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ©¢·¦ £¦¦¯ ´¢µª´fi¦¥ µ©¦¯ µ©¦
¤°®±¶µ¢µª°¯ £¦©¢·ª°¶³ °¶¨©µ µ° £¦ ¢±±³°±³ª¢µ¦ £¦§°³¦ ¢¯ ¢¥¢±µ¢µª°¯ ª´ ¢±±­ª¦¥.
I¯ ´°®¦ ¤¢´¦´ ªµ ®¢º £¦ ±°´´ª£­¦ µ° ª¯´µ¢¯µª¢µ¦ µ¸° (°³ ®°³¦I ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦´. S¶¤© ¢¯
¢³³¢¯¨¦®¦¯µ ¸°¶­¥ ¢­­°¸ °¯¦ ª¯´µ¢¯µª¢µª°¯ µ° ¢¥¢±µ ¸©ª­´µ µ©¦ °µ©¦³ ¤°¯µª¯¶¦´ µ° ³¦´±°¯¥ µ° °±¦³¢µª°¯¢­
ª¯±¶µ´; ªµ ¸°¶­¥ ¢­´° ©¢·¦ µ©¦ ¢¥¥ªµª°¯¢­ £¦¯¦fiµ °§ ª¯¤³¦¢´ª¯¨ ³¦­ª¢£ª­ªµº ª¯ µ©¦ ¤°¯µ¦¹µ °§ ©¢³¥¸¢³¦ §¢ª­¶³¦´.
I§ µ¸° ¤°±ª¦´ ¢³¦ ¢·¢ª­¢£­¦ µ©¦¯ µ©¦ ´º´µ¦® ¤¢¯ ¥¦µ¦³®ª¯¦ ¢ ´¶ªµ¢£­¦ µª®¦ µ° ´¸ªµ¤© §³°® µ©¦ ±³¦-¢¥¢±µ¢µª°¯
¤°®±¶µ¢µª°¯ µ° µ©¦ ±°´µ-¢¥¢±µ¢µª°¯ °¯¦. T©ª´ ´¸ªµ¤© ¤¢¯ £¦ ª®±­¦®¦¯µ¦¥ ª¯ ´°§µ¸¢³¦, ®¦¢¯ª¯¨ ªµ ¤¢¯ £¦
¤°®±­¦µ¦¥ ¸ªµ©°¶µ ¢ ¯°µª¤¦¢£­¦ ª®±¢¤µ °¯ µ©¦ ¤°®±¶µ¢µª°¯’́ ¢£ª­ªµº µ° ³¦´±°¯¥ µ° °±¦³¢µª°¯¢­ ª¯±¶µ´. M°³¦
´±¦¤ªfi¤¢­­º, µ©ª´ ¢³³¢¯¨¦®¦¯µ ±³°·ª¥¦´ ¢ ®¦¢¯´ °§ ¥¦®°¯´µ³¢µª¯¨ µ©¢µ ¤°®±¶µ¢µª°¯ £¦©¢·ª°¶³ ³¦®¢ª¯´
¢±±³°±³ª¢µ¦ ¥¶³ª¯¨ ¢¯ ¢¥¢±µ¢µª°¯.
I§ µ¸° (°³ ®°³¦I ¢³¤©ªµ¦¤µ¶³¦´ ¢³¦ ¯°µ ¢·¢ª­¢£­¦ µ©¦¯ µ©¦ ¤°®±¶µ¢µª°¯ ª´ ­ª¬¦­º µ° ©¢·¦ µ° ´µ°± ±³°¤¦´´ª¯¨
°±¦³¢µª°¯¢­ ª¯±¶µ´ £¦§°³¦ ¢­­°¸ª¯¨ µ©¦ ¢¥¢±µ¢µª°¯ µ° °¤¤¶³. T©ª´ ¸ª­­ ³¦²¶ª³¦ ¤°®®¶¯ª¤¢µª°¯ £¦µ¸¦¦¯ µ©¦
¤°®±¶µ¢µª°¯ ¢¯¥ µ©¦ ´º´µ¦® µ° ¦¯´¶³¦ µ©¦ ¨¢± ª¯ ±³°¤¦´´ª¯¨ ¤¢¯ £¦ ¢¤¤°®®°¥¢µ¦¥ ´¢§¦­º. F°³ ¦¹¢®±­¦,
ª¯ µ©¦ ¤¢´¦ °§ ¢¯ ¢¶µ°¯°®°¶´ ·¦©ª¤­¦, ¢¯ ¢¥¢±µ¢µª°¯ ¤°¶­¥ £¦ ±°´µ±°¯¦¥ ¶¯µª­ ·¦©ª¤­¦ ¤¢³ ª´ ´µ¢µª°¯¢³º, µ©¦
±¢³¬ª¯¨ £³¢¬¦ ª´ °¯, µ©¦ ¦¯¨ª¯¦ ª´ µ¶³¯¦¥ °ff ¢¯¥ µ©¦³¦ ¢³¦ ¯° ±¦°±­¦ ª¯ µ©¦ ·¦©ª¤­¦. A¯ ¢­µ¦³¯¢µª·¦ ®¢º
£¦ µ° ¥¦´ª¨¯¢µ¦ ´¢§¦ ³¦¨ª°¯´ (¦.¨., µ©¦ °¸¯¦³ ’́ ¨¢³¢¨¦, µ©¦ ¥¦¢­¦³ ’́ ´¦³·ª¤¦ ¢³¦¢I ¢¯¥ °¯­º ¢­­°¸ ¢¥¢±µ¢µª°¯´
µ° °¤¤¶³ ¸©¦¯ µ©¦ ·¦©ª¤­¦ ª´ ª¯ °¯¦ °§ µ©¦´¦ ³¦¨ª°¯´. W©¢µ¦·¦³ ¢±±³°¢¤© ª´ ¶´¦¥, ¤¢³¦ ¯¦¦¥´ µ° £¦ µ¢¬¦¯
µ° ±³°µ¦¤µ ¢¨¢ª¯´µ µ©¦ ±°´´ª£ª­ªµº °§ ±­¢µ§°³®´ ¯°µ £¦ª¯¨ ª¯ ¢ ´ªµ¶¢µª°¯ ¸©¦³¦ ¢¯ ¢¥¢±µ¢µª°¯ ª´ ¢­­°¸¦¥ §°³ ¢
±³°­°¯¨¦¥ ±¦³ª°¥ °§ µª®¦. A¥¥ªµª°¯¢­­º, ¤¢³¦ ¯¦¦¥´ µ° £¦ µ¢¬¦¯ µ° ±³¦·¦¯µ ³¦®°·¢­ °§ µ©¦ ´º´µ¦® §³°® µ©¦
´¢§¦ ³¦¨ª°¯ ¶¯µª­ µ©¦ ¢¥¢±µ¢µª°¯ ª´ ¤°®±­¦µ¦ (¢¯¥ ¤°¯fi³®¦¥ ´¶¤¤¦´´§¶­I.
S°®¦ ¢´±¦¤µ´ °§ ¦¯´¶³ª¯¨ µ©¢µ £¦©¢·ª°¶³ ª´ ¢±±³°±³ª¢µ¦ ¢§µ¦³ ¢¯ ¢¥¢±µ¢µª°¯ ¢³¦ ¤°·¦³¦¥ £º µ©¦ ¢±±³°±³ª¢µ¦
±¢³µ °§ O£«¦¤µª·¦ ARC3-1. T©¦ ¤¶³³¦¯µ °£«¦¤µª·¦ ª¯¤­¶¥¦´ ¤¢´¦´ ¸©¦³¦ µ©¦ ¢¥¢±µ¢µª°¯ ±³°¤¦´´ ¥ª¥ ¯°µ
¤°®±­¦µ¦ ´¶¤¤¦´´§¶­­º. F¢ª­¦¥ ¢¥¢±µ¢µª°¯´ ´©°¶­¥ £¦ ¥¦µ¦¤µ¢£­¦ ¶´ª¯¨ ´µ¢¯¥¢³¥ ¢±±³°¢¤©¦´ µ° ¥¢µ¢
ª¯µ¦¨³ªµº ¢¯¥ ±°´µ-¢¥¢±µ¢µª°¯ BIT. I¯ ®¢¯º ¤¢´¦´, µ©¦ ®°´µ ´¶ªµ¢£­¦ ¸¢º °§ ©¢¯¥­ª¯¨ ¢ §¢ª­¦¥ ¢¥¢±µ¢µª°¯
ª´ µ° ³¦·¦³µ µ° µ©¦ ±³¦·ª°¶´ “­¢´µ ¬¯°¸¯ ¨°°¥” ¤°¯fi¨¶³¢µª°¯. T©ª´ ³¦²¶ª³¦´ ´µ°³ª¯¨ µ©¦ ±³¦-¢¥¢±µ¢µª°¯
¤°®±¶µ¢µª°¯ ±¢³¢®¦µ¦³´ ª¯ ´°®¦ ¸¢º (¸©ª¤© ©¢±±¦¯´ ¯¢µ¶³¢­­º ª§ µ©¦³¦ ¢³¦ ®¶­µª±­¦ ª¯´µ¢¯µª¢µª°¯´ °§ µ©¦
¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦I.
I¯ ´°®¦ ¤¢´¦´ (¦.¨., ¸©¦¯ µ©¦ ¢¥¢±µ¢µª°¯ ¢¥¥³¦´´¦´ ¢ ´¦³ª°¶´ fl¢¸ ª¯ µ©¦ ¤°®±¶µ¢µª°¯I ³¦·¦³´ª°¯ µ° µ©¦
±³¦·ª°¶´ ¤°¯fi¨¶³¢µª°¯ ®¢º ¯°µ £¦ ¥¦´ª³¢£­¦, ³¦¨¢³¥­¦´´ °§ ¸©¦µ©¦³ µ©ª´ ª´ ³¦¢¥ª­º ¢·¢ª­¢£­¦. Iµ §°­­°¸´ µ©¢µ












6 P­¢µ§°³®-L¦·¦­ F³¢®¦¸°³¬: D¦´¤³ª±µª°¯
T©ª´ ´¦¤µª°¯ ¥¦´¤³ª£¦´ µ©¦ §³¢®¦¸°³¬ ¢¥°±µ¦¥ £º µ©¦ SASWG §°³ ±­¢µ§°³®-­¦·¦­ ¤°¯´ª¥¦³¢µª°¯´. T©¦
«¶´µªfi¤¢µª°¯ §°³ ¢¥°±µª¯¨ µ©ª´ §³¢®¦¸°³¬ ª´ ±³°·ª¥¦¥ ª¯ A±±¦¯¥ª¹ C.
T©¦ §³¢®¦¸°³¬ ¤°¯´ª´µ´ °§ §°¶³ ±³°«¦¤µª°¯´, ¦¢¤© °§ ¸©ª¤© ·ª¦¸´ µ©¦ ±­¢µ§°³®’́ ±³°±¦³µª¦´ ¢­°¯¨ ¢ ¥ªff¦³¦¯µ
¢¹ª´. T©¦ ±³°«¦¤µª°¯´ ¢³¦ ¯°µ ª¯µ¦¯¥¦¥ µ° £¦ ´µ³ª¤µ­º ª¯¥¦±¦¯¥¦¯µ: µ©¦º ±³°·ª¥¦ ¥ªff¦³¦¯µ ¸¢º´ °§ ·ª¦¸ª¯¨
µ©¦ ±­¢µ§°³®, ª¯ °³¥¦³ µ° ¦­ª¤ªµ ¢´´°¤ª¢µ¦¥ °£«¦¤µª·¦´. T° §¢¤ª­ªµ¢µ¦ ¥ª´¤¶´´ª°¯, µ©¦ ±³°«¦¤µª°¯´ ©¢·¦ £¦¦¯
¢³³¢¯¨¦¥ ª¯ ¢¯ ¢±±³°¹ª®¢µ¦ °³¥¦³, ´µ¢³µª¯¨ ¢µ µ©¦ ±­¢µ§°³® ¢¯¥ ¸°³¬ª¯¨, ª¯ ¢ ´¦¯´¦, °¶µ¸¢³¥´: £¦©¢·ª°¶³¢­
´±¦¤ªfi¤¢µª°¯; ª¯µ¦³¢¤µª¯¨ ªµ¦®´; ±¦°±­¦; ¦¯·ª³°¯®¦¯µ. E¢¤© °§ µ©¦´¦ ±³°«¦¤µª°¯´ ª´ ¤°¯´ª¥¦³¦¥, ª¯ µ¶³¯, ª¯
µ©¦ §°­­°¸ª¯¨ ´¶£´¦¤µª°¯´. T©¦ ´¦¤µª°¯ ¤°¯¤­¶¥¦´ ¸ªµ© ¢ £³ª¦§ µ¢£¶­¢³ ´¶®®¢³º °§ µ©¦ ¦¯µª³¦ §³¢®¦¸°³¬ ¢¯¥
¢¯ ª­­¶´µ³¢µª°¯ °§ ©°¸ µ©¦ §³¢®¦¸°³¬’́ ±³°«¦¤µª°¯´ ª¯µ¦³-³¦­¢µ¦.
6.1 B¦©¢·ª°¶³¢­ S±¦¤ªfi¤¢µª°¯
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ µ©¦ ±­¢µ§°³® ´±¦¤ªfi¤¢µª°¯. E²¶ª·¢­¦¯µ­º, ªµ ¤°¯´ª¥¦³´ µ©¦ ´º´µ¦®-­¦·¦­
³¦²¶ª³¦®¦¯µ´ µ©¢µ µ©¦ ±­¢µ§°³® ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ´¢µª´§º ¢¯¥ µ©¦ ®¦µ©°¥´ µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³
®¢º ¶´¦ µ° ¥¦®°¯´µ³¢µ¦ ´¢µª´§¢¤µª°¯.
F³°® µ©¦ ±¦³´±¦¤µª·¦ °§ ¢¯ ¢¶µ°¯°®°¶´ ´º´µ¦®, µ©¦ ®°´µ ¤©¢­­¦¯¨ª¯¨ ¢´±¦¤µ °§ µ©¦´¦ ³¦²¶ª³¦®¦¯µ´ ª´
¥¦fi¯ª¯¨ µ©¦ ³¦²¶ª³¦¥ ±­¢µ§°³® £¦©¢·ª°¶³. H¦¯¤¦, µ©ª´ ¢´±¦¤µ ª´ ¦®±©¢´ª´¦¥ ª¯ µ©¦ ±³°«¦¤µª°¯’́ µªµ­¦. I¯
¢¥¥ªµª°¯, ¢ ¬¦º ¢´±¦¤µ °§ µ©ª´ ±³°«¦¤µª°¯ ª´ ¥¦fi¯ª¯¨ µ©¦ ´¤°±¦ °§ µ©¦ ¢¶µ°¯°®°¶´ ¢´±¦¤µ´ °§ µ©¦ ±­¢µ§°³®.
6.2 I¯µ¦³¢¤µª¯¨ Iµ¦®´
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ ªµ¦®´ µ©¢µ ¢³¦ ª¯µ¦¯¥¦¥ °³ ³¦²¶ª³¦¥ µ° ª¯µ¦³¢¤µ ¸ªµ© µ©¦ ±­¢µ§°³®, £¶µ ¢³¦ ¯°µ
¥ª³¦¤µ­º °¸¯¦¥ £º µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³ °³ °±¦³¢µ°³.
T©¦ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ±³°«¦¤µª°¯ ª¯¤­¶¥¦´ µ©¦ ¤¢´¦ ¸©¦³¦ µ©¦³¦ ¢³¦ ®¶­µª±­¦, ¯°µª°¯¢­­º ª¥¦¯µª¤¢­ ´º´µ¦®´:
§°³ ¦¹¢®±­¦, ¸©¦¯ ¢¯ ¢¶µ°¯°®°¶´ ·¦©ª¤­¦ ®¢¯¶§¢¤µ¶³¦³ ©¢´ ´°­¥ ®¢¯º ·¦©ª¤­¦´, ¦¢¤© °§ ¸©ª¤© ª´ ª¯µ¦¯¥¦¥
µ° £¦ ¶´¦¥ ª¯¥ª·ª¥¶¢­­º. Iµ ¢­´° ª¯¤­¶¥¦´ µ©¦ ¤¢´¦ ¸©¦³¦ µ©¦ ¸ª¥¦³ ´º´µ¦® ª¯¤­¶¥¦´ °±µª°¯¢­ ªµ¦®´ µ©¢µ ®¢º
°³ ®¢º ¯°µ £¦ ±³¦´¦¯µ: §°³ ¦¹¢®±­¦, ¢¥¥ªµª°¯¢­ ³°¢¥´ª¥¦ ª¯§³¢´µ³¶¤µ¶³¦ µ©¢µ ª´ °¯­º ±³¦´¦¯µ ª¯ ­¢³¨¦ ¤ªµª¦´.
T©ª´ ±³°«¦¤µª°¯ ®¢º ¢­´° ª¯¤­¶¥¦ ¢ ¤¦¯µ³¢­ ³¦±°´ªµ°³º, ¸©ª¤© ª´ ¶´¦¥ µ° ´¶±±°³µ °±¦³¢µª°¯, ®¢ª¯µ¦¯¢¯¤¦ ¢¯¥
§¶µ¶³¦ ¦¯©¢¯¤¦®¦¯µ °§ µ©¦ ±­¢µ§°³®.
6.3 P¦°±­¦
T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ ±¦°±­¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¢¯¥ ¢ff¦¤µ¦¥ £º µ©¦ ±­¢µ§°³®, ª¯¤­¶¥ª¯¨ µ©°´¦ °±¦³¢µª¯¨
°³ ¶´ª¯¨ µ©¦ ´º´µ¦®.
T©¦ ±³°«¦¤µª°¯ ¢¥°±µ´ ¢ ¸©°­¦ ­ª§¦¤º¤­¦ ±¦³´±¦¤µª·¦, ª¯¤­¶¥ª¯¨ ¥¦´ª¨¯, ®¢¯¶§¢¤µ¶³¦, °±¦³¢µª°¯, ®¢ª¯µ¦¯¢¯¤¦
¢¯¥ ¥ª´±°´¢­. Iµ ª¯¤­¶¥¦´: µ©°´¦ °±¦³¢µª¯¨ µ©¦ ´º´µ¦®; µ©°´¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ´º´µ¦® (¦.¨., ®¢ª¯µ¢ª¯¦³´I;
¢¯¥ £º´µ¢¯¥¦³´ ª¯ µ©¦ °±¦³¢µª°¯¢­ ¦¯·ª³°¯®¦¯µ °§ µ©¦ ±­¢µ§°³®. T©ª´ ­¢µµ¦³ ¤­¢´´®¢º £¦ ©ª¨©­º ª®±°³µ¢¯µ §°³
´°®¦ ¢¶µ°¯°®°¶´ ´º´µ¦®´ (¦.¨., ´¦­§-¥³ª·ª¯¨ ·¦©ª¤­¦´I; ¤°¯·¦³´¦­º, ªµ ®¢º £¦ ¢£´¦¯µ §°³ °µ©¦³ ¢¶µ°¯°®°¶´
´º´µ¦®´ (¦.¨., ®¦¥ª¤¢­ ¥ª¢¨¯°´ª´ ´º´µ¦®´I.




































T©ª´ ±³°«¦¤µª°¯ §°¤¶´¦´ °¯ ªµ¦®´ ª¯ µ©¦ ±­¢µ§°³®’́ °±¦³¢µª°¯¢­ ¦¯·ª³°¯®¦¯µ µ©¢µ ¢³¦ °¶µ´ª¥¦ µ©¦ ¤°¯µ³°­ °§
µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³ °³ °±¦³¢µ°³.
Iµ ª¯¤­¶¥¦´, §°³ ¦¹¢®±­¦, °µ©¦³ ±­¢µ§°³®´ ¢¯¥ ®¦µ¦°³°­°¨ª¤¢­ ¤°¯¥ªµª°¯´, ¢´ ¸¦­­ ¢´ µ©ª¯¨´ ­ª¬¦ µ¦³³¢ª¯ ¢¯¥
ª¯§³¢´µ³¶¤µ¶³¦. Iµ ¤°·¦³´ ¯°³®¢­ °±¦³¢µª¯¨ ¤°¯¥ªµª°¯´ ¢¯¥ ¢£¯°³®¢­ ´ªµ¶¢µª°¯´ (¦.¨., ¦¹µ³¦®¦ ¸¦¢µ©¦³ ¢¯¥
¶¯¦¹±¦¤µ¦¥ µ¦³³¢ª¯I. Iµ ª¯¤­¶¥¦´ µ©¦ ±°µ¦¯µª¢­ §°³ ¦­¦®¦¯µ´ °§ µ©¦ ¦¯·ª³°¯®¦¯µ µ° £¦ ¶´¦¥ ª¯ ¢ ©°´µª­¦
®¢¯¯¦³.
6.5 S¶®®¢³º
T¢£­¦ 4 ±³°·ª¥¦´ ¢ £³ª¦§ ´¶®®¢³º °§ µ©¦ §°¶³ ±³°«¦¤µª°¯´ ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ µ©¢µ ©¢´ £¦¦¯
¢¥°±µ¦¥ £º µ©¦ SASWG.
T¢£­¦ 4: S¶®®¢³º °§ P³°«¦¤µª°¯´ Wªµ©ª¯ µ©¦ P­¢µ§°³®-L¦·¦­ F³¢®¦¸°³¬
P³°«¦¤µª°¯ O¶µ­ª¯¦
B¦©¢·ª°¶³¢­ S±¦¤ªfi¤¢µª°¯
F°¤¶´¦¥ °¯ ±­¢µ§°³®-­¦·¦­ ´±¦¤ªfi¤¢µª°¯; ª¯¤­¶¥¦´ ¥¦fi¯ª¯¨
µ©¦ ´¤°±¦ °§ ¢¶µ°¯°®°¶´ ¢´±¦¤µ´
I¯µ¦³¢¤µª¯¨ Iµ¦®´
F°¤¶´¦¥ °¯ µ©ª¯¨´ ª¯µ¦¯¥¦¥ °³ ³¦²¶ª³¦¥ µ° ª¯µ¦³¢¤µ ¸ªµ©
µ©¦ ±­¢µ§°³®, ¯°µ ¥ª³¦¤µ­º °¸¯¦¥ £º µ©¦ ±­¢µ§°³®
¥¦·¦­°±¦³ °³ °±¦³¢µ°³
P¦°±­¦
F°¤¶´¦¥ °¯ ©°¸ µ©¦ ±­¢µ§°³® ª¯µ¦³¢¤µ´ ¸ªµ© ±¦°±­¦;
¢¥°±µ´ ¢ ¸©°­¦ ­ª§¦¤º¤­¦ ±¦³´±¦¤µª·¦
E¯·ª³°¯®¦¯µ
F°¤¶´¦¥ °¯ µ©ª¯¨´ ª¯ µ©¦ °±¦³¢µª°¯¢­ ¦¯·ª³°¯®¦¯µ µ©¢µ
¢³¦ °¶µ´ª¥¦ µ©¦ ¤°¯µ³°­ °§ µ©¦ ¥¦·¦­°±¦³ °³ °±¦³¢µ°³
E¹±¦³ª¦¯¤¦ ª¯ ¸³ªµª¯¨ µ©ª´ ¥°¤¶®¦¯µ ©¢´ ¥¦®°¯´µ³¢µ¦¥ µ©¦ ±°µ¦¯µª¢­ §°³ ¤°¯§¶´ª°¯ ¸ªµ© ³¦¨¢³¥´ µ° µ©¦´¦
±³°«¦¤µª°¯´ ¢¯¥ ©°¸ µ©¦º ª¯µ¦³-³¦­¢µ¦. Fª³´µ­º, ªµ ª´ ª®±°³µ¢¯µ µ° ³¦®¦®£¦³ µ©¦ ±³°«¦¤µª°¯´ ¢³¦ ¢ ®¦¢¯´ µ°
¢¯ ¦¯¥, ³¢µ©¦³ µ©¢¯ ¢¯ ¦¯¥ ª¯ µ©¦®´¦­·¦´. U´¦³´ °§ µ©ª´ ¥°¤¶®¦¯µ ¢³¦ ¯°µ ¯¦¤¦´´¢³ª­º ¦¹±¦¤µ¦¥ µ° ¥ª³¦¤µ­º
¢­ª¨¯ µ©¦ª³ ¥¦·¦­°±®¦¯µ ¦ff°³µ´ ¸ªµ© µ©¦ ±³°«¦¤µª°¯´. P³°­°¯¨¦¥ ¥ª´¤¶´´ª°¯´ ¢£°¶µ ¸©¦µ©¦³ ¢ ´±¦¤ªfi¤ ªµ¦®
(¦.¨., ­¢¯¦ ®¢³¬ª¯¨´ °¯ ¢ ³°¢¥I ¢³¦ ±¢³µ °§ µ©¦ ¦¯·ª³°¯®¦¯µ °³ ¢¯ ª¯µ¦³¢¤µª¯¨ ªµ¦® ´©°¶­¥ ¯°µ £¦ °§ ¤³ªµª¤¢­
ª®±°³µ¢¯¤¦ ª¯ ¦´µ¢£­ª´©ª¯¨ ¢ ´¢§¦µº ¢³¨¶®¦¯µ §°³ ¢¯ ¢¶µ°¯°®°¶´ ´º´µ¦®.
T° µ©¢µ ¦¯¥, Fª¨¶³¦ 3 ±³°·ª¥¦´ ¢¯ ¢­µ¦³¯¢µª·¦ ª­­¶´µ³¢µª°¯ °§ µ©¦ ±­¢µ§°³®-­¦·¦­ ±³°«¦¤µª°¯´ ¢¯¥ ©°¸ µ©¦





































most general, least predictable
People
may, or may not, be predictable 
and manageable by design
Interacting Items
































































































7 P­¢µ§°³®-L¦·¦­ F³¢®¦¸°³¬: O£«¦¤µª·¦´
T©ª´ ´¦¤µª°¯ ­ª´µ´ µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¦¢¤© ±³°«¦¤µª°¯ °§ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬.
7.1 B¦©¢·ª°¶³¢­ S±¦¤ªfi¤¢µª°¯
T©¦ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯ ±³°«¦¤µª°¯ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ¸©¢µ µ©¦ ±­¢µ§°³® ´©°¶­¥ ¥° ¢¯¥, ¢­´°, ¸©¢µ
ªµ ´©°¶­¥ ¯°µ ¥°. T©¦´¦ ¤°¯¤¦³¯´ ¢³¦ ·ª¦¸¦¥ ­¢³¨¦­º §³°® µ©¦ ±¦³´±¦¤µª·¦ °§ ¢¯ °±¦³¢µ°³ °³ ¶´¦³ °§ µ©¦
±­¢µ§°³®; µ©¢µ ª´, µ©¦º ¢³¦ ­¢³¨¦­º ¤°¯¤¦³¯¦¥ ¸ªµ© ¦¹µ¦³¯¢­­º-°£´¦³·¢£­¦ ¦ff¦¤µ´, ³¢µ©¦³ µ©¢¯ µ©¦ ª¯µ¦³¯¢­
¸°³¬ª¯¨´ ¢¯¥ ´µ³¶¤µ¶³¦ °§ µ©¦ ±­¢µ§°³®.
T©¦³¦ ¢³¦ ´ª¹ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
PLT1-1: A­­ ¢´±¦¤µ´ °§ ±­¢µ§°³® £¦©¢·ª°¶³ µ©¢µ ¢³¦ ¢¤©ª¦·¦¥ ¶´ª¯¨ ¢¶µ°¯°®º-¦¯¢£­ª¯¨
µ¦¤©¯ª²¶¦´ ¢³¦ «¶´µªfi¦¥.
Dª´¤¶´´ª°¯: U­µª®¢µ¦­º, µ©¦ ±­¢µ§°³® ©¢´ µ° £¦ ¤°¯´ª¥¦³¦¥ ¢´ ¢¯ °·¦³¢­­ ¦¯µªµº, ¸©ª¤© ª´ ¥¦®°¯´µ³¢£­º
´¢§¦. H°¸¦·¦³, µ©¦ ¯°·¦­µº °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´, ¢¯¥ ¦´±¦¤ª¢­­º µ©¦ AI ¢¯¥ ML µ¦¤©¯ª²¶¦´ µ©¢µ ¦¯¢£­¦
µ©¦®, ®¦¢¯´ µ©¦´¦ ¢´±¦¤µ´ ¯¦¦¥ ´±¦¤ª¢­ ¢µµ¦¯µª°¯. T° §°¤¶´ µ©¢µ ¢µµ¦¯µª°¯ µ©¦³¦ ª´ ¢ ¯¦¦¥ µ° ª¥¦¯µª§º ´¶¤©
µ¦¤©¯ª²¶¦´, ª¯¤­¶¥ª¯¨ ©°¸ µ©¦º ¤°¯µ³ª£¶µ¦ µ° ±­¢µ§°³® £¦©¢·ª°¶³.
Gª·¦¯ µ©¦ ¤¶³³¦¯µ ­°¸ ®¢µ¶³ªµº °§ ¢¶µ°¯°®º-³¦­¢µ¦¥ µ¦¤©¯ª²¶¦´, µ©¦³¦ ª´ ¢ ´µ³°¯¨ ´¢§¦µº-³¦­¢µ¦¥ ¢³¨¶®¦¯µ
µ©¢µ ¸©¦³¦·¦³ ±°´´ª£­¦ ®°³¦ µ³¢¥ªµª°¯¢­ µ¦¤©¯ª²¶¦´ ´©°¶­¥ £¦ ¶´¦¥ {72}. C°¯´¦²¶¦¯µ­º, ¢´ ¸¦­­ ¢´
ª¥¦¯µª§ºª¯¨ ¸©¦³¦ ¢¶µ°¯°®º-³¦­¢µ¦¥ µ¦¤©¯°­°¨ª¦´ ¢³¦ ¶´¦¥, µ©¦ª³ ¶´¦ ´©°¶­¥ ¢­´° £¦ «¶´µªfi¦¥.
E¹¢®±­¦´: B¦§°³¦ ¶´¦´ °§ ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯ª²¶¦´ ¤¢¯ £¦ «¶´µªfi¦¥, µ©¦º ®¶´µ fi³´µ £¦ ª¥¦¯µªfi¦¥.
T©¦³¦ ¢³¦, £³°¢¥­º-´±¦¢¬ª¯¨, µ¸° ¸¢º´ µ©¢µ µ©¦ ¶´¦ °§ ¢¶µ°¯°®º-³¦­¢µ¦¥ µ¦¤©¯ª²¶¦´ ¤¢¯ £¦ ª¥¦¯µªfi¦¥,
´±¦¤ªfi¤¢­­º, µ°±-¥°¸¯ ¢¯¥ £°µµ°®-¶±. I¯ ¢ µ°±-¥°¸¯ ¢±±³°¢¤©, ³¦²¶ª³¦®¦¯µ´ ¤¢¯ £¦ µ¢¨¨¦¥ µ° ª¯¥ª¤¢µ¦
¸©¦µ©¦³ µ©¦º ¢³¦ ¢¤©ª¦·¦¥ µ©³°¶¨© µ©¦ ¶´¦ °§ ¢¶µ°¯°®º-³¦­¢µ¦¥ µ¦¤©¯ª²¶¦´. T©ª´ µ¢¨¨ª¯¨ ¤°¶­¥ ´µ¢³µ ¢µ µ©¦
´º´µ¦®-­¦·¦­ ¢¯¥ £¦ fl°¸¦¥ ¥°¸¯ µ° ­°¸¦³ ­¦·¦­´ ¢´ ³¦²¶ª³¦®¦¯µ´ ¢³¦ ¥¦¤°®±°´¦¥ ¥¶³ª¯¨ ¢ µº±ª¤¢­ ´º´µ¦®´
¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´. C°¯·¦³´¦­º, ª¯ ¢ £°µµ°®-¶± ¢±±³°¢¤©, ´±¦¤ªfi¤ ¤°®±°¯¦¯µ´ (°³ ªµ¦®´, °³ ´¶£-´º´µ¦®´,
°³ ¢­¨°³ªµ©®´I ¤¢¯ £¦ fl¢¨¨¦¥ ¢´ ¶´ª¯¨ ¢¶µ°¯°®º-³¦­¢µ¦¥ µ¦¤©¯ª²¶¦´, ¸ªµ© µ©ª´ ª¯§°³®¢µª°¯ fl°¸ª¯¨ ¶± µ°
§¶¯¤µª°¯´ ¢¯¥ ±­¢µ§°³®-­¦·¦­ £¦©¢·ª°¶³´ µ©¢µ ¶´¦ µ©°´¦ ¤°®±°¯¦¯µ´.
R¦¨¢³¥­¦´´ °§ ¸©ª¤© ¢±±³°¢¤© ª´ ¶´¦¥, µ©¦³¦ ´©°¶­¥ £¦ ¢ ¤­¦¢³ ­ª¯¬ §³°® ¤°®±¶µ¢µª°¯´, µ©³°¶¨© ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦´, µ° ±­¢µ§°³® £¦©¢·ª°¶³. T©¦´¦ ­ª¯¬´ ¦¯¢£­¦ ¦·ª¥¦¯¤¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© °£«¦¤µª·¦´ §³°® µ©¦
¤°®±¶µ¢µª°¯ ¢¯¥ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦ §³¢®¦¸°³¬´ µ° ´¶±±°³µ ±­¢µ§°³®-­¦·¦­ ´¢§¦µº ¢³¨¶®¦¯µ´. T©¦º
¢­´° ¢­­°¸ ±­¢µ§°³®-­¦·¦­ ³¦²¶ª³¦®¦¯µ´ ¢¯¥ ¤°¯´µ³¢ª¯µ´ µ° ±³°·ª¥¦ µ©¦ ¤°¯µ¦¹µ §°³ ­°¸¦³-­¦·¦­ ¢¤µª·ªµª¦´.
A¯ ¢³¨¶®¦¯µ µ° «¶´µª§º ¶´¦ °§ ¢¯ ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯ª²¶¦ ¤°¶­¥ £¦ £¢´¦¥ °¯ ®¢¯º §¢¤µ°³´:
±¦³§°³®¢¯¤¦, ª¯¤­¶¥ª¯¨ ¢¯ ª¯¢£ª­ªµº µ° ¢¤©ª¦·¦ µ©¦ ¢´´°¤ª¢µ¦¥ §¶¯¤µª°¯ ¶´ª¯¨ µ³¢¥ªµª°¯¢­ ¢±±³°¢¤©¦´, ª´ °§µ¦¯
¢¯ ª®±°³µ¢¯µ °¯¦.
PLT1-2: A¤¤¦±µ¢£­º ´¢§¦ °±¦³¢µª°¯ §°³ µ©¦ ±­¢µ§°³® ª´ ¥¦fi¯¦¥.
Dª´¤¶´´ª°¯: I¯ °³¥¦³ µ° ¢³¨¶¦ µ©¢µ ¢ ±­¢µ§°³® ª´ “¢¤¤¦±µ¢£­º ´¢§¦” µ©¦³¦ ¯¦¦¥´ µ° £¦ ¢ ¥¦fi¯ªµª°¯ °§ µ©ª´ µ¦³®
§°³ µ©¢µ ±¢³µª¤¶­¢³ ±­¢µ§°³®, ¸ªµ©ª¯ ªµ´ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯. I¯ µ³¢¥ªµª°¯¢­ ´¢§¦µº ¦¯¨ª¯¦¦³ª¯¨, µ©ª´


































°±¦³¢µª°¯¢­ ¥°®¢ª¯. I¯ ¤°¯µ³¢´µ, ¢ ¬¦º §¦¢µ¶³¦ °§ ®¢¯º ¢¶µ°¯°®°¶´ ´º´µ¦®´ ª´ µ©¦ª³ ª¯µ¦¯¥¦¥ ¶´¦ ¸ªµ©ª¯
¤°®±­¦¹, ¥ª·¦³´¦ ¢¯¥ ¥º¯¢®ª¤ ¦¯·ª³°¯®¦¯µ´. C°¯´¦²¶¦¯µ­º, ¢ ¬¦º ¢´±¦¤µ °§ ¥¦fi¯ª¯¨ ´¢§¦µº §°³ ¢¶µ°¯°®°¶´
´º´µ¦®´ ª´ ¶¯¥¦³´µ¢¯¥ª¯¨, ¢¯¥ ´¶ªµ¢£­º £°¶¯¥ª¯¨, ª¯µ¦³¢¤µª°¯´ ¸ªµ© µ©¦´¦ µº±¦´ °§ ¦¯·ª³°¯®¦¯µ.
Gª·¦¯ µ©¦ ¯¢µ¶³¦ °§ µ©¦´¦ ¦¯·ª³°¯®¦¯µ´, ªµ ®¢º ¢­´° £¦ ¯¦¤¦´´¢³º µ° ¤°¯´ª¥¦³ ¸©¢µ ´¢§¦ °±¦³¢µª°¯ ®¦¢¯´
´©°¶­¥ µ©¦ ±­¢µ§°³® £¦ ¶´¦¥ °¶µ´ª¥¦ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯. T©ª´ ¤°¶­¥, §°³ ¦¹¢®±­¦, ª¯·°­·¦
fi¯¥ª¯¨ ¢ ¸¢º µ° ´¢§¦­º ´µ°± °±¦³¢µª°¯.
E¹¢®±­¦´: T³¢¥ªµª°¯¢­ µ¦¤©¯ª²¶¦´ §°³ ©¢»¢³¥ ¢´´¦´´®¦¯µ, §°³ ¦¹¢®±­¦ H¢»¢³¥ ¢¯¥ O±¦³¢£ª­ªµº Sµ¶¥º
(HAZOPI {27}, ®¢º ©¦­± ¨¦¯¦³¢µ¦ ¢¯ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ ±°µ¦¯µª¢­ ¶¯´¢§¦ °¶µ¤°®¦´. H°¸¦·¦³, µ° £¦
±³°¥¶¤µª·¦ µ©¦´¦ µ¦¤©¯ª²¶¦´ ®¢º ¯¦¦¥ µ° §°¤¶´ °¯ ±­¢µ§°³®-­¦·¦­ °¶µ¤°®¦´ (¦.¨., µ©¦ ·¦©ª¤­¦ ´µ°±´ µ°°
­¢µ¦I ³¢µ©¦³ µ©¢¯ ¤°®±°¯¦¯µ-­¦·¦­ ¢¤µª°¯´ (¦.¨., µ©¦ £³¢¬¦´ ¢³¦ ¢±±­ª¦¥ µ°° ­¢µ¦I.
I¯ ¢¥¥ªµª°¯, µ©¦ ¤°¯´¦²¶¦¯¤¦´ °§ ¢ ·¦©ª¤­¦ ´µ°±±ª¯¨ µ°° ­¢µ¦ ¢³¦ ¤³ªµª¤¢­­º ¥¦±¦¯¥¦¯µ °¯ £°µ© µ©¦ ¯¢µ¶³¦ °§
µ©¦ °±¦³¢µª°¯¢­ ¥°®¢ª¯ ¢¯¥ µ©¦ ´±¦¤ªfi¤ ´ªµ¶¢µª°¯ ±¦³µ¢ª¯ª¯¨ ¢µ µ©¦ µª®¦ °§ µ©¦ °¤¤¶³³¦¯¤¦. I¥¦¯µª§ºª¯¨
´±¦¤ªfi¤ ´ªµ¶¢µª°¯´ µ©¢µ ¤°³³¦´±°¯¥ µ° ¶¯´¢§¦ °¶µ¤°®¦´ ª´ °¯¦ ¤©¢­­¦¯¨¦. P³°·ª¥ª¯¨ ´°®¦ §°³® °§
¤°¯fi¥¦¯¤¦ µ©¢µ ¢­­ ³¦­¦·¢¯µ ´ªµ¶¢µª°¯´ ©¢·¦ £¦¦¯ ª¥¦¯µªfi¦¥ ª´ ¢¯°µ©¦³. T©¦ ¯°µª°¯ °§ ´ªµ¶¢µª°¯ ¤°·¦³¢¨¦
{3} ®¢º ©¦­±, ¢´ ®ª¨©µ ¦¯·ª³°¯®¦¯µ¢­ ©¢»¢³¥ ¢¯¢­º´ª´ {25}.
A³¨¶¢£­º, µ©ª¯¨´ µ©¢µ ¢³¦ ¶¯´¢§¦ ¤¢¯ £¦ ·ª¦¸¦¥ ¢´ ´µ¢¬¦©°­¥¦³ ­°´´¦´ §³°® µ©¦ ±¦³´±¦¤µª·¦ °§ ¢µ ­¦¢´µ °¯¦
´µ¢¬¦©°­¥¦³. T©ª´ ·ª¦¸ ¤¢¯ ª¯¤­¶¥¦, §°³ ¦¹¢®±­¦, ¢¤¤ª¥¦¯µ´ µ©¢µ ¤¢¶´¦ ´ª¨¯ªfi¤¢¯µ ¦¯·ª³°¯®¦¯µ¢­ ª®±¢¤µ
³¦±³¦´¦¯µª¯¨ ¢ ­°´´ §³°® µ©¦ ±¦³´±¦¤µª·¦ °§ ´µ¢¬¦©°­¥¦³´ ª¯ µ©¦ ­°¤¢­ ¤°®®¶¯ªµº. I¯ ¢¥¥ªµª°¯, ®¢¯º (£¶µ
¯°µ ¢­­I ¢¶µ°¯°®°¶´ ´º´µ¦®´ ¦¹±­°ªµ ¢¶µ°¯°®º ¢´ ±¢³µ °§ ¢ ¤°¯µ³°­ ­°°±. I¯ ´¶¤© ¤¢´¦´, ¢¤¤ª¥¦¯µ´ (ª.¦.,
´µ¢¬¦©°­¥¦³ ­°´´¦´I ¤¢¯ £¦ ·ª¦¸¦¥ ¢´ ¢ ¤°¯´¦²¶¦¯¤¦ °§ ª¯¢¥¦²¶¢µ¦ ¤°¯µ³°­. Gª·¦¯ µ©ª´ ¥ª´¤¶´´ª°¯, µ©¦³¦
®¢º £¦ ·¢­¶¦ ª¯ ¢ Sº´µ¦®´ T©¦°³¦µª¤ P³°¤¦´´ A¯¢­º´ª´ (STPAI £¢´¦¥ ©¢»¢³¥ ¢¯¢­º´ª´ {46}.
A´ ¸¦­­ ¢´ £¦ª¯¨ ´¢§¦ ¥¶³ª¯¨ ¶´¦, µ©¦³¦ ®¢º ¢­´° £¦ ¢ ¯¦¦¥ µ° ¥¦fi¯¦ ¢ ´¢§¦ ´µ¢µ¦, ª¯ ¸©ª¤© µ©¦ ±­¢µ§°³®
¤¢¯ £¦ ­¦§µ §°³ ¢ ±³°­°¯¨¦¥ ±¦³ª°¥ °§ µª®¦. U¯¥¦³´µ¢¯¥ª¯¨ µ©ª´ ´µ¢µ¦ (°³ ¤°­­¦¤µª°¯ °§ ´µ¢µ¦´I, µ°¨¦µ©¦³ ¸ªµ©
µ³¢«¦¤µ°³ª¦´ £º ¸©ª¤© µ©¦º ®¢º £¦ ³¦¢¤©¦¥, ª´ ¢¯ ª®±°³µ¢¯µ ±¢³µ °§ ®¢ª¯µ¢ª¯ª¯¨ ´¢§¦µº ª¯ µ©¦ ±³¦´¦¯¤¦
°§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ (¢´ ¥ª´¤¶´´¦¥ ª¯ O£«¦¤µª·¦ PLT1-4I. W©ª­´µ ªµ ª´ ¢ ´ª®±­¦ ¤°¯¤¦±µ, ¥¦fi¯ª¯¨ ¢¯¥
ª®±­¦®¦¯µª¯¨ ¢ ´¢§¦ ´µ¢µ¦ ª´ ¯°µ µ³ª·ª¢­. F°³ ¦¹¢®±­¦, ª¯ µ©¦ ¤¢´¦ °§ ¢ ´¦­§-¥³ª·ª¯¨ ¤¢³ ¢ ´¢§¦ ´µ¢µ¦ ¤°¶­¥
£¦ °¯¦ ¸©¦³¦ µ©¦ ¤¢³ ª´ ´µ°±±¦¥. H°¸¦·¦³, µ©ª´ ®ª¨©µ ¯°µ £¦ ´¢§¦ ª§ µ©¦ ¤¢³ ª´ ´µ°±±¦¥ ª¯ ¢ ¥³ª·ª¯¨ ­¢¯¦ °¯
¢ ®°µ°³¸¢º, °³ ª§ ªµ ª´ ´µ°±±¦¥ °¯ ¢ ­¦·¦­ ¤³°´´ª¯¨, °³ ª§ ªµ ª´ ª¯ ¢¯º ¯¶®£¦³ °§ °µ©¦³ ¥¢¯¨¦³°¶´ ­°¤¢µª°¯´.
Rª¨°³°¶´, ´µ³¶¤µ¶³¦¥ ¢¯¢­º´ª´ °§ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯ ¢¯¥ ¢´´°¤ª¢µ¦¥ ¦¯·ª³°¯®¦¯µ ®¢º ©¦­±.
PLT1-3: T©¦ ´±¦¤ªfi¦¥ £¦©¢·ª°¶³ °§ µ©¦ ±­¢µ§°³® ª´ ±³¦¥ª¤µ¢£­¦, ¤°¯´ª´µ¦¯µ ¢¯¥ ´¢§¦.
Dª´¤¶´´ª°¯: S±¦¤ªfi¤¢µª°¯ °§ ±­¢µ§°³® £¦©¢·ª°¶³ ª´ ¯¦¦¥¦¥ §°³ ´¦·¦³¢­ ³¦¢´°¯´. F°³ ¦¹¢®±­¦: ªµ ª´ ¯¦¦¥¦¥
µ° ±³°·ª¥¦ µ©¦ ¦¹±¦¤µ¦¥ °¶µ¤°®¦ §°³ ´º´µ¦®-­¦·¦­ µ¦´µ´; ª¯ ¢¥¥ªµª°¯, ªµ §¢¤ª­ªµ¢µ¦´ °±¦³¢µª°¯ ¢­°¯¨´ª¥¦ °µ©¦³
¦¯µªµª¦´ ¸ªµ©ª¯ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯. P³¦¥ª¤µ¢£ª­ªµº ¢¯¥ ¤°¯´ª´µ¦¯¤º °§ ±­¢µ§°³® £¦©¢·ª°¶³ ¢³¦
ª®±°³µ¢¯µ §°³ ´ª®ª­¢³ ³¦¢´°¯´. T©¦ ¯¦¦¥ §°³ ´¢§¦ £¦©¢·ª°¶³ ª´ °£·ª°¶´, ¯°µª¯¨ µ©¢µ µ©¦ ¥¦fi¯ªµª°¯ °§ ´¢§¦µº ª´
¦¹±¦¤µ¦¥ µ° £¦ ±³°¥¶¤¦¥ ¢´ ±¢³µ °§ µ©¦ O£«¦¤µª·¦ PLT1-2.
E¹¢®±­¦´: S°®¦ ¢´±¦¤µ´ °§ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯ ®¢º £¦ ¢¥¥³¦´´¦¥ £º µ³¢¥ªµª°¯¢­ ´º´µ¦®´
¦¯¨ª¯¦¦³ª¯¨ µ¦¤©¯ª²¶¦´. H°¸¦·¦³, °¯¦ ¢¥·¢¯µ¢¨¦ °§ ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯°­°¨ª¦´ ª´ µ©¦º ¥° ¯°µ ¯¦¦¥
¢ ¥¦µ¢ª­¦¥, ­°¸-­¦·¦­ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯ µ©¢µ ©¢´ £¦¦¯ ¥¦¤°®±°´¦¥ §³°® ±­¢µ§°³®-­¦·¦­ ³¦²¶ª³¦®¦¯µ´
ª¯ ¢ µ³¢¤¦¢£­¦, ©ª¦³¢³¤©ª¤¢­ ®¢¯¯¦³. F°³ ´¶¤© µ¦¤©¯°­°¨ª¦´, ªµ ª´ ©¦­±§¶­ µ° ¤°¯´ª¥¦³ £°µ© ª¯µ¦¯¥¦¥
±­¢µ§°³®-­¦·¦­ £¦©¢·ª°¶³ (ª.¦., “µ©¦ ±­¢µ§°³® ´©°¶­¥ ...”I ¢¯¥ ¶¯ª¯µ¦¯¥¦¥, °³ ¶¯¥¦´ª³¢£­¦, £¦©¢·ª°¶³ (ª.¦., “µ©¦
±­¢µ§°³® ´©°¶­¥ ¯°µ ...”I. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ®¢º £¦ ¶´¦§¶­­º ª¯§°³®¦¥ £º ªµ¦³¢µª·¦­º ´±¦¤ª§ºª¯¨ £¦©¢·ª°¶³


































T©¦ ²¶¢­ªµª¦´ °§ ±³¦¥ª¤µ¢£ª­ªµº ¢¯¥ ¤°¯´ª´µ¦¯¤º ¥° ¯°µ ¯¦¤¦´´¢³ª­º ³¦²¶ª³¦ ±³¦¤ª´¦­º ª¥¦¯µª¤¢­, ³¦±¦¢µ¢£­¦
£¦©¢·ª°¶³ ª¯ ¢±±¢³¦¯µ­º ´ª®ª­¢³ ´ªµ¶¢µª°¯´. D¦®¢¯¥ª¯¨ µ©¢µ ­¦·¦­ °§ ¥¦µ¦³®ª¯ª´® ª´ ¥¦¦®¦¥ ª¯¢±±³°±³ª¢µ¦
§°³ ¢µ ­¦¢´µ µ¸° ³¦¢´°¯´. Fª³´µ­º, ®ª¯¶µ¦ ¤©¢¯¨¦´ ª¯ µ©¦ ¢¶µ°¯°®°¶´ ´º´µ¦®’́ ±¦³¤¦±µª°¯ °§ µ©¦ ´ªµ¶¢µª°¯
¤°¶­¥ ¤¢¶´¦ ¢ flª± £¦µ¸¦¦¯ µ¸° ¥ªff¦³¦¯µ £¶µ ¦²¶¢­­º ¢¤¤¦±µ¢£­¦ £¦©¢·ª°¶³´: ®°³¦ ±¢³µª¤¶­¢³­º, §°³ ¢¯
¢¶µ°¯°®°¶´ ´º´µ¦® ¶´¦¥ ª¯ ¢ ¥°®¢ª¯ °§ ¦·¦¯ ®°¥¦³¢µ¦ ¤°®±­¦¹ªµº, µ©¦ ¤©¢¯¤¦ µ©¢µ ª¥¦¯µª¤¢­ ´ªµ¶¢µª°¯´
¸ª­­ £¦ ±³¦´¦¯µ¦¥ ª´ ¯¦¨­ª¨ª£­¦, ¢¯¥ µ©ª´ ¤©¢¯¤¦ ³¦¥¶¤¦´ ¢´ µ©¦ ¥°®¢ª¯ ¨¦µ´ ®°³¦ ¤°®±­¦¹. S¦¤°¯¥­º,
µ©¦³¦ ®¢º £¦ ¨°°¥ ³¦¢´°¯´ ¸©º ¢ §°³® °§ ±´¦¶¥°-³¢¯¥°®¯¦´´ ª´ ª¯¤­¶¥¦¥ ¸ªµ©ª¯ µ©¦ ¢¶µ°¯°®º-¦¯¢£­ª¯¨
¢­¨°³ªµ©®. W©ª­´µ ±³¦¤ª´¦ ³¦±¦¢µ¢£ª­ªµº ª´ ¯°µ ³¦²¶ª³¦¥, ®¦¢¯ª¯¨§¶­ £°¶¯¥´ ¯¦¦¥ µ° £¦ ±­¢¤¦¥ ¢³°¶¯¥
¦¹±¦¤µ¦¥ ±­¢µ§°³® £¦©¢·ª°¶³. S¤¦¯¢³ª°-£¢´¦¥ ´¦¯´ªµª·ªµº ¢¯¢­º´ª´ ®¢º ©¦­± ª¯§°³® µ©ª´ ¤°¯´ª¥¦³¢µª°¯.
PLT1-4: T©¦ ´±¦¤ªfi¦¥ £¦©¢·ª°¶³ ª´ ´¢§¦ ª¯ µ©¦ ±³¦´¦¯¤¦ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´, ¢´ ¸¦­­ ¢´
§°³¦´¦¦¢£­¦ ®ª´¶´¦ ¢¯¥ ¢£¶´¦.
Dª´¤¶´´ª°¯: O£«¦¤µª·¦ PLT1-3 ª´ §°¤¶´¦¥ °¯ ¢ §¶­­º-§¶¯¤µª°¯ª¯¨ ±­¢µ§°³® µ©¢µ ª´ £¦ª¯¨ ¶´¦¥ ¢´ ª¯µ¦¯¥¦¥.
U¯§°³µ¶¯¢µ¦­º, ¯¦ªµ©¦³ °§ µ©¦´¦ ¤³ªµ¦³ª¢ ¤¢¯ £¦ ¢´´¶®¦¥ §°³ ±­¢µ§°³®´ ´¶£«¦¤µ¦¥ µ° ³¦¢­-¸°³­¥ ¶´¦ £º
©¶®¢¯´. C°¯´¦²¶¦¯µ­º, µ©ª´ °£«¦¤µª·¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ±­¢µ§°³® £¦©¢·ª°¶³ ª¯ ´¶£-°±µª®¢­ ¤°¯¥ªµª°¯´.
T©ª´ ª¯¤­¶¥¦´, §°³ ¦¹¢®±­¦, ¥¦­ª£¦³¢µ¦ ®ª´¶´¦ µ©¢µ ¤¢¶´¦´ µ©¦ ±­¢µ§°³® µ° £¦ ¶´¦¥ °¶µ´ª¥¦ ªµ´ ª¯µ¦¯¥¦¥
°±¦³¢µª°¯¢­ ¥°®¢ª¯.
T©¦ ¤°¯¤¦±µ´ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ ¤¢¯ £¦ ¥ª³¦¤µ­º ³¦­¢µ¦¥ µ° µ©°´¦ °§ ®ª´¶´¦ ¢¯¥ ¢£¶´¦. F°³ ¦¹¢®±­¦, ¢
§¢¶­µ ª¯ ´°®¦ ±¢³µ °§ µ©¦ ±­¢µ§°³® ®¢º ¤¢¶´¦ ¢¯ °±¦³¢µ°³ µ° ¥¦­ª£¦³¢µ¦­º ®ª´¶´¦ µ©¦ ±­¢µ§°³® ª¯ ¢¯ ¢µµ¦®±µ
µ° ¤°®±­¦µ¦ µ©¦ª³ µ¢´¬. F°³ µ©ª´ ³¦¢´°¯ ªµ ª´ ¤°¯·¦¯ª¦¯µ µ° ¤°®£ª¯¦ µ©¦´¦ ªµ¦®´ ª¯ µ©¦ ´¢®¦ °£«¦¤µª·¦.
E¹¢®±­¦´: T©ª´ °£«¦¤µª·¦ ®¢º ³¢ª´¦ µ©¦ ²¶¦´µª°¯ °§, “H°¸ ®¢¯º §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ ´©°¶­¥ £¦ µ°­¦³¢µ¦¥_”
I¯ ¤°¯´ª¥¦³ª¯¨ µ©ª´ ²¶¦´µª°¯, ªµ ´©°¶­¥ £¦ ¯°µ¦¥ µ©¢µ ¤¶³³¦¯µ ´¢§¦µº-³¦­¢µ¦¥ ´º´µ¦®´ °§µ¦¯ ³¦²¶ª³¦ ©¶®¢¯
ª¯µ¦³·¦¯µª°¯ µ° ©¢¯¥­¦ ¤¢´¦´ ª¯·°­·ª¯¨ ®¶­µª±­¦ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´. H°¸¦·¦³, ¢¶µ°¯°®°¶´ ´º´µ¦®´ ¤©¢¯¨¦
µ©¦ ³°­¦ °§ µ©¦ ©¶®¢¯ °±¦³¢µ°³, ¸©ª¤© ®¢º ª¯¤³¦¢´¦ µ©¦ ¯¶®£¦³ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ µ©¢µ ©¢·¦ µ° £¦
©¢¯¥­¦¥ £º µ©¦ ±­¢µ§°³®, ¸ªµ©°¶µ ©¶®¢¯ ª¯µ¦³·¦¯µª°¯. M°³¦ ¨¦¯¦³¢­­º, ¤°®±°¯¦¯µ §¢ª­¶³¦ ³¢µ¦´ ¤°¶­¥ £¦
¶´¦¥ µ° ª¯§°³® µ©¦ ¯¶®£¦³ ¢¯¥ µº±¦´ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ µ©¢µ ´©°¶­¥ £¦ ¤°¯´ª¥¦³¦¥ ¸ªµ©ª¯ µ©ª´ °£«¦¤µª·¦.
T³¢¥ªµª°¯¢­ ´¢§¦µº ¦¯¨ª¯¦¦³ª¯¨ µ¦¤©¯ª²¶¦´, §°³ ¦¹¢®±­¦, ³¦¥¶¯¥¢¯¤º, ¤°¶­¥ £¦ ¶´¦¥ µ° ±³°·ª¥¦ §°³ ´¢§¦
£¦©¢·ª°¶³ ª¯ µ©¦ ±³¦´¦¯¤¦ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´. A­µ¦³¯¢µª·¦­º, °³ ¢¥¥ªµª°¯¢­­º, ¢ Mª¯ª®¶® E²¶ª±®¦¯µ Lª´µ
(MELI ¤°¶­¥ £¦ ¥¦fi¯¦¥, ¸ªµ© µ©¦ ©¦¢­µ© °§ µ©ª´ ¦²¶ª±®¦¯µ £¦ª¯¨ ®°¯ªµ°³¦¥ (¢´ ¥ª´¤¶´´¦¥ ª¯ O£«¦¤µª·¦
ARC1-1I. T©¦³¦ ®¢º £¦ ¢ ¯¦¦¥ µ° ¤°¯´ª¥¦³ µ©¦ ¤¢´¦ °§ ¢ ±­¢µ§°³® µ©¢µ ©¢´ ´¶ff¦³¦¥ µ°° ®¢¯º §¢¶­µ´ ¢¯¥
§¢ª­¶³¦´ °³, ¦²¶ª·¢­¦¯µ­º, ¢ ±­¢µ§°³® µ©¢µ ª´ ª¯ °±¦³¢µª°¯¢­ ¶´¦ ¸©¦¯ µ©¦ §¶­­ MEL ¤¦¢´¦´ µ° £¦ ¢·¢ª­¢£­¦. T°
©¢¯¥­¦ ´¶¤© ¤ª³¤¶®´µ¢¯¤¦´ µ©¦³¦ ®¢º ¯¦¦¥ µ° £¦ ¢ ¥¦fi¯¦¥ ´¢§¦ ´µ¢µ¦ §°³ µ©¦ ±­¢µ§°³®; µ©¦³¦ ®¢º ¢­´° £¦ ¢
¯¦¦¥ §°³ µ©¦ ±­¢µ§°³® µ° ®¢ª¯µ¢ª¯ ¢¯ ¢£ª­ªµº, °³ µ³¢«¦¤µ°³º, µ° ³¦¢¤© µ©ª´ ´¢§¦ ´µ¢µ¦ (¸©ª¤© ¤°¶­¥ £¦ ª¥¦¯µªfi¦¥
¢´ ±¢³µ °§ O£«¦¤µª·¦ PLT1-2I.
D¦µ¦¤µª¯¨ ¢¯¥ ±³¦·¦¯µª¯¨ ®ª´¶´¦ ¢¯¥ ¢£¶´¦ ª´ ¢ ¥ªffi¤¶­µ ¤©¢­­¦¯¨¦. Sª®±­ª´µª¤¢­­º, ®ª´¶´¦ ¤°¶­¥ £¦
¤°¯´µ³¶¦¥ ¢´ ¤¢´¦´ ¸©¦³¦ ¢ ©¶®¢¯ °±¦³¢µ°³ µ³ª¦´ µ° ¥° ´°®¦µ©ª¯¨ ª¯ °±±°´ªµª°¯ µ° µ©¦ ¢¶µ°¯°®°¶´ ±¢³µ
°§ µ©¦ ±­¢µ§°³®. H°¸¦·¦³, µ©¢µ ·ª¦¸ §¢ª­´ µ° ¢¤¤°¶¯µ §°³ µ©¦ §¢¤µ µ©¢µ, ª¯ ´°®¦ ¤ª³¤¶®´µ¢¯¤¦´, µ©¦ ©¶®¢¯
®ª¨©µ £¦ ¤°³³¦¤µ: ¢¯ ª­­¶´µ³¢µª°¯ ¤¢¯ £¦ µ¢¬¦¯ §³°® µ³¢¥ªµª°¯¢­, ¯°¯-¢¶µ°¯°®°¶´ ´°§µ¸¢³¦, ¸©¦³¦ ¢­¨°³ªµ©®´
±³¦·¦¯µ¦¥ ¢¤¤¦´´ µ° ¦¯¨ª¯¦ µ©³¶´µ ³¦·¦³´¦³´ ¦·¦¯ µ©°¶¨© µ©¦ ¢ª³¤³¢§µ ¸¢´ °¯ µ©¦ ¨³°¶¯¥, ­¦¢¥ª¯¨ µ° ³¶¯¸¢º
¦¹¤¶³´ª°¯ ¢¯¥ ­°´´ °§ ­ª§¦ {31}. E²¶¢­­º, µ©¦³¦ ¢³¦ ¤¢´¦´ µ©¢µ ¦¹©ª£ªµ µ©¦ ¤°¯·¦³´¦, ¯¢®¦­º, µ©¦ ´°§µ¸¢³¦ ª´
¤°³³¦¤µ ¢¯¥ µ©¦ ©¶®¢¯ ª´ ¯°µ.
A ¤­¦¢³¦³ ·ª¦¸ ¤°¶­¥ ±¦³©¢±´ £¦ §°³®¦¥ £º ­°°¬ª¯¨ §°³ ´ªµ¶¢µª°¯´ ¸©¦³¦ µ©¦ ©¶®¢¯ °±¦³¢µ°³ µ³ª¦´ µ°
®¢¬¦ µ©¦ ±­¢µ§°³® £¦©¢·¦ ¤°¯µ³¢³º µ° µ©¦ ´¢§¦µº-³¦­¢µ¦¥ ³¦²¶ª³¦®¦¯µ´ ¦´µ¢£­ª´©¦¥ ·ª¢ µ©¦ ±³¦·ª°¶´ µ¸°


































µ¢¬¦ µ©¦ ±­¢µ§°³® °¶µ´ª¥¦ ªµ´ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¦¯·ª³°¯®¦¯µ. R¦²¶ª³¦®¦¯µ´ µ©¢µ ³¦­¢µ¦ µ° ¶¯ª¯µ¦¯¥¦¥
£¦©¢·ª°¶³ (ª.¦., “µ©¦ ±­¢µ§°³® ´©°¶­¥ ¯°µ ...”I ¢³¦ ¦´±¦¤ª¢­­º ©¦­±§¶­ ª¯ µ©ª´ ³¦¨¢³¥. T©ª¯¬ª¯¨ ¢£°¶µ µ©¦
±°µ¦¯µª¢­ §°³ ®ª´¶´¦ ¢¯¥ ¢£¶´¦ ¤¢¯ ©¦­± ¦´µ¢£­ª´© ³¦²¶ª³¦®¦¯µ´ °§ µ©ª´ µº±¦.
PLT1-5: T©¦ £¦©¢·ª°¶³ °§ µ©¦ ±­¢µ§°³® ª´ ·¦³ªfi¦¥.
Dª´¤¶´´ª°¯: W©¦³¦¢´ °µ©¦³ °£«¦¤µª·¦´ ª¯ µ©ª´ ±³°«¦¤µª°¯ ©¢·¦ ¦´µ¢£­ª´©¦¥ ³¦²¶ª³¦®¦¯µ´, µ©ª´ °£«¦¤µª·¦
ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ·¦³ª§ºª¯¨ µ©¢µ µ©¦´¦ ±­¢µ§°³®-­¦·¦­ ³¦²¶ª³¦®¦¯µ´ ©¢·¦ £¦¦¯ ´¢µª´fi¦¥. T©ª´ ª¯¤­¶¥¦´
±³°·ª¥ª¯¨ ¢³µ¦§¢¤µ´ µ° ¥¦®°¯´µ³¢µ¦ (¦.¨., µ° ¢ ³¦¨¶­¢µ°³I µ©¢µ ·¦³ªfi¤¢µª°¯ ©¢´ £¦¦¯ ´¶¤¤¦´´§¶­­º ¤°®±­¦µ¦¥.
E¹¢®±­¦´: A´ ¸ªµ© µ³¢¥ªµª°¯¢­ ´º´µ¦®´, µ©¦³¦ ¢³¦ ´¦·¦³¢­ ¸¢º´ µ° ±³°·ª¥¦ ¦·ª¥¦¯¤¦ µ©¢µ ¢ ¨ª·¦¯ ³¦²¶ª³¦®¦¯µ
©¢´ £¦¦¯ ´¢µª´fi¦¥. H°¸¦·¦³, ª¯ ¤°®±¢³ª´°¯ µ° µ³¢¥ªµª°¯¢­ ´º´µ¦®´, µ©¦ ±°µ¦¯µª¢­ £¦©¢·ª°¶³ °§ ¢¶µ°¯°®°¶´
´º´µ¦®´ ª´ ®¶¤© ­¦´´ £°¶¯¥¦¥. T©ª´ ª´ ­ª¬¦­º µ° ³¦²¶ª³¦ ¢ ¨³¢¥¶¢­, ±³°¨³¦´´ª·¦ ¢±±³°¢¤© µ° T¦´µ,
E·¢­¶¢µª°¯, V¦³ªfi¤¢µª°¯ ¢¯¥ V¢­ª¥¢µª°¯ (TEVVI, £¦¨ª¯¯ª¯¨ ¸ªµ© ´ª®¶­¢µª°¯ ¢¯¥ ³¦¢­-¸°³­¥ µ¦´µª¯¨ ª¯ ¤°¯µ³°­­¦¥
¦¯·ª³°¯®¦¯µ´ (¦.¨., ¤­°´¦¥ ³°¢¥´I.
Sª®¶­¢µª°¯, ª¯ ±¢³µª¤¶­¢³, ª´ ¦¹±¦¤µ¦¥ µ° ±­¢º ¢ ´ª¨¯ªfi¤¢¯µ ³°­¦ ª¯ ³¦²¶ª³¦®¦¯µ ·¦³ªfi¤¢µª°¯. F°³ ¦¹¢®±­¦, ªµ
¢­­°¸´ µ¦´µª¯¨ °§ ¤¢´¦´ µ©¢µ ¸°¶­¥ £¦ µ°° ¦¹±¦¯´ª·¦ °³ µ°° ¥¢¯¨¦³°¶´ µ° ¤°¯´ª¥¦³ ª¯ µ©¦ ³¦¢­-¸°³­¥; µ©ª´ ª´
­ª¬¦­º µ° £¦ ¦´±¦¤ª¢­­º ·¢­¶¢£­¦ §°³ µ¦´µ ¤¢´¦´ ª¯·°­·ª¯¨ ±­¢µ§°³® §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´. W©ª­´µ ´ª®¶­¢µª°¯´ ¢³¦
¶¯¥°¶£µ¦¥­º ·¢­¶¢£­¦, ¥¦®°¯´µ³¢µª¯¨ µ©¢µ µ©¦ ´ª®¶­¢µª°¯ ª´ ¢ ´¶ªµ¢£­¦ ³¦±³¦´¦¯µ¢µª°¯ °§ µ©¦ ³¦¢­-¸°³­¥ ®¢º
£¦ ¢ ´ª¨¯ªfi¤¢¯µ ¤©¢­­¦¯¨¦. T©ª´ ª´ ª®±°³µ¢¯µ ¢´ µ©¦³¦ ¢³¦ ®¢¯º ¦¹¢®±­¦´ °§ ¢¶µ°¯°®º-³¦­¢µ¦¥ µ¦¤©¯ª²¶¦´
¦¹±­°ªµª¯¨ fl¢¸´ ª¯ ´ª®¶­¢µª°¯´ {20}. Iµ §°­­°¸´ µ©¢µ ¶¯´¶ªµ¢£­¦ ´ª®¶­¢µª°¯´ ¤°¶­¥ §¢ª­ µ° ¥¦µ¦¤µ ª®±°³µ¢¯µ
¦³³°³´ ª¯ ±­¢µ§°³® £¦©¢·ª°¶³.
A ¬¦º ¤°¯¤¦±µ ³¦­¢µª¯¨ µ° ·¦³ªfi¤¢µª°¯ °§ ±­¢µ§°³® ³¦²¶ª³¦®¦¯µ´ §°³ ¢¶µ°¯°®°¶´ ´º´µ¦®´ ª´ µ©¦ ¯°µª°¯ °§
¤°·¦³¢¨¦. G¦¯¦³¢­­º ´±¦¢¬ª¯¨, ª¯ °±¦³¢µª°¯¢­ ¶´¦ µ©¦´¦ ³¦²¶ª³¦®¦¯µ´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ´¢µª´fi¦¥ ª¯
¢ ¸ª¥¦ ³¢¯¨¦ °§ ´ªµ¶¢µª°¯´, µ©ª´ £³¦¢¥µ© ³¦´¶­µª¯¨ §³°® µ©¦ µ©¦ ¤°®±­¦¹ªµº °§ µ©¦ ¦¯·ª³°¯®¦¯µ µ©¦ ±­¢µ§°³®
©¢´ µ° °±¦³¢µ¦ ª¯. U¯¥¦³´µ¢¯¥ª¯¨ ©°¸ µ©¦ ·¦³ªfi¤¢µª°¯ ¦·ª¥¦¯¤¦ ¤°·¦³´ µ©ª´ ·¢³ª¦µº ª´ ¢ ¬¦º ª´´¶¦: ¢¯¢­º´¦´
´¶¤© ¢´ ´ªµ¶¢µª°¯ ¤°·¦³¢¨¦ {3} ®¢º ¢´´ª´µ. T©ª´ ¯°µª°¯ °§ ¤°·¦³¢¨¦ ¯¦¦¥´ µ° £¦ ¤°®£ª¯¦¥ ¸ªµ© ¯°µª°¯´ °§
¤°·¦³¢¨¦ ³¦­¦·¢¯µ µ° ¤°®±¶µ¢µª°¯´ (¢´ ¥ª´¤¶´´¦¥ ª¯ O£«¦¤µª·¦´ COM1-3 ¢¯¥ COM2-5I.
PLT1-6: O±¦³¢µª°¯¢­ ®°¯ªµ°³ª¯¨ ª´ ´¶ffi¤ª¦¯µ µ° ª¥¦¯µª§º ¢¯¥ ´¶±±°³µ µ©¦ ®ªµª¨¢µª°¯ °§
¯¦¸ hazards, including emerging cyber security threats.
Discussion: M¢¯º ´¢§¦µº-³¦­¢µ¦¥ ´º´µ¦®´ ª¯¤­¶¥¦ ¢ §°³® °§ ®°¯ªµ°³ª¯¨; ¤°¯µª¯¶°¶´, °³ ±¦³ª°¥ª¤, ¸ªµ©
BIT £¦ª¯¨ °¯¦ ¦¹¢®±­¦. T©¦ °±¦¯ ¯¢µ¶³¦ °§ µ©¦ °±¦³¢µª°¯¢­ ¥°®¢ª¯ ¢´´°¤ª¢µ¦¥ ¸ªµ© ®¢¯º ¢¶µ°¯°®°¶´
´º´µ¦®´ ®¦¢¯´ µ©¦³¦ ª´ ¢ ¯¦¦¥ µ° ª¯¤­¶¥¦ µ©ª´ µº±¦ °§ ®°¯ªµ°³ª¯¨ ¢µ µ©¦ ±­¢µ§°³® ­¦·¦­. T©ª´ ´©°¶­¥ ©¦­±
¤¢±µ¶³¦ ¤¢´¦´ ¸©¦³¦ ¤©¢¯¨¦´ ª¯ µ©¦ °±¦³¢µª°¯¢­ ¥°®¢ª¯ (°³ ¢´±¦¤µ´ °§ µ©¦ °±¦³¢µª°¯¢­ ¥°®¢ª¯ µ©¢µ ¸¦³¦
¯°µ §¶­­º ¶¯¥¦³´µ°°¥ ¥¶³ª¯¨ ¥¦·¦­°±®¦¯µI ³¦´¶­µ ª¯ ¯¦¸ ©¢»¢³¥´.
T©¦ ¯¢µ¶³¦ °§ ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯°­°¨ª¦´ (ª¯¤­¶¥ª¯¨ AI ¢¯¥ MLI ®¦¢¯´ µ©¦º ³¦­º ©¦¢·ª­º °¯ ¥¢µ¢,
´°§µ¸¢³¦ ¢¯¥ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦. C°¯´¦²¶¦¯µ­º, ¤º£¦³ ´¦¤¶³ªµº ª´ ¢¯ ª®±°³µ¢¯µ ¤°¯´ª¥¦³¢µª°¯. H¦¯¤¦,
®°¯ªµ°³ª¯¨ µ° ´±°µ µ©¦ ¦®¦³¨¦¯¤¦ °§ ©¢»¢³¥´ §³°® µ©¢µ ¥°®¢ª¯ ª´ ª®±°³µ¢¯µ, ¦´±¦¤ª¢­­º ¨ª·¦¯ µ©¦ ±¢¤¦ ¢µ
¸©ª¤© ´¶¤© ©¢»¢³¥´ ®¢º ¦®¦³¨¦.
Examples: F°³ µ©¦ ±¶³±°´¦´ °§ ¥ª´¤¶´´ª°¯, ªµ ª´ ª¯ªµª¢­­º ¤°¯·¦¯ª¦¯µ µ° ´±­ªµ °±¦³¢µª°¯¢­ ®°¯ªµ°³ª¯¨ ª¯µ° µ¸°
®¢ª¯ ¤¢µ¦¨°³ª¦´: ®°¯ªµ°³ª¯¨ °§ µ©¦ ¦¯·ª³°¯®¦¯µ; ¢¯¥ ®°¯ªµ°³ª¯¨ °§ µ©¦ ±­¢µ§°³®.


































µ©¢µ ¢³¦ ­¦´´ ¤°¯´µ³¢ª¯¦¥, ¢¯¥ ­¦´´ ±³¦´¤³ª±µª·¦, µ©¢¯ ª´ µ©¦ ¤¢´¦ §°³ µ³¢¥ªµª°¯¢­ ´º´µ¦®´. T©ª´ ª¯¤³¦¢´¦´ µ©¦
­ª¬¦­ª©°°¥ °§ µ©¦ ±­¢µ§°³® £¦ª¯¨ ¶´¦¥ °¶µ´ª¥¦ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯ (¦ªµ©¦³ £º ¢¤¤ª¥¦¯µ °³ £º
¥¦­ª£¦³¢µ¦ ª¯µ¦¯µI. C°¯·¦³´¦­º, ®°´µ, ª§ ¯°µ ¢­­, °§ µ©¦ ±­¢µ§°³® ·¦³ªfi¤¢µª°¯ ¸ª­­ £¦ £¢´¦¥ °¯ µ©¦ ¢´´¶®±µª°¯
µ©¢µ µ©¦ ±­¢µ§°³® ª´ £¦ª¯¨ ¶´¦¥ ª¯´ª¥¦ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯. T©ª´ ¢±±¢³¦¯µ ª¯¤°¯´ª´µ¦¯¤º ®¢º
¨ª·¦ ³ª´¦ µ° ¯¦¸ ©¢»¢³¥´.
T©¦´¦ ©¢»¢³¥´ ®¢º ¯¦¦¥ µ° £¦ ¥¦¢­µ ¸ªµ© ª¯ µ¸° ´¦±¢³¢µ¦ µª®¦ ´¤¢­¦´. Fª³´µ­º, ª§ ®°¯ªµ°³ª¯¨ ¥¦µ¦¤µ´ ±­¢µ§°³®
¶´¦ °¶µ´ª¥¦ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯ µ©¦¯ ¢±±³°±³ª¢µ¦ ¢¤µª°¯ ´©°¶­¥ £¦ µ¢¬¦¯ µ° ®¢ª¯µ¢ª¯ ´¢§¦µº.
T©ª´ ¤°¶­¥, §°³ ¦¹¢®±­¦, ª¯·°­·¦ ¢¤©ª¦·ª¯¨ ¢ ¥¦fi¯¦¥ ´¢§¦ ´µ¢µ¦ §°³ µ©¦ ±­¢µ§°³®; ¢­µ¦³¯¢µª·¦­º, ªµ ¤°¶­¥
ª¯·°­·¦ ¢µµ¦®±µª¯¨ µ° ®¢¯°¦¶·³¦ µ©¦ ±­¢µ§°³® £¢¤¬ ª¯´ª¥¦ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯. S¦¤°¯¥­º,
ª§ ®°¯ªµ°³ª¯¨ ³°¶µª¯¦­º ¥¦µ¦¤µ´ ¶´¦ °¶µ´ª¥¦ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯ µ©¦¯ µ©ª´ ª´ ª¯¥ª¤¢µª·¦ °§ ¢
¯¦¦¥ µ° ¤©¢¯¨¦ ´°®¦µ©ª¯¨ ¢£°¶µ µ©¦ ±­¢µ§°³® (¦.¨., µ©¦ ´º´µ¦®-­¦·¦­ ³¦²¶ª³¦®¦¯µ´, µ©¦ ¢´´¶®±µª°¯´ ®¢¥¦
¥¶³ª¯¨ ·¦³ªfi¤¢µª°¯, µ©¦ ¸¢º °±¦³¢µ°³´ ¢³¦ µ³¢ª¯¦¥I.
M°¯ªµ°³ª¯¨ °§ µ©¦ ±­¢µ§°³® ª¯¤­¶¥¦´ ®°¯ªµ°³ª¯¨ µ©¦ ´¶£-´º´µ¦®´ µ©¢µ ±³°·ª¥¦ ª¯±¶µ´ §°³ µ©¦ ¤°®±¶µ¢µª°¯
(¢´ ¥ª´¤¶´´¦¥ ¶¯¥¦³ O£«¦¤µª·¦ ARC1-1I. Iµ ®¢º ¢­´° ª¯¤­¶¥¦ ®°¯ªµ°³ª¯¨ µ©¢µ ¥¦¤ª´ª°¯´ (£¢´¦¥ °¯
¢¶µ°¯°®º-³¦­¢µ¦¥ µ¦¤©¯°­°¨ª¦´I ©¢·¦ µ©¦ ¦¹±¦¤µ¦¥ ¤°¯´¦²¶¦¯¤¦´: §°³ ¦¹¢®±­¦, ¢±±­ºª¯¨ ·¦©ª¤­¦ £³¢¬¦´
´©°¶­¥ ­¦¢¥ µ° ¢ ³¦¥¶¤µª°¯ ª¯ ´±¦¦¥.
I¯ ¢¥¥ªµª°¯ µ° µ©¦ ´¦±¢³¢µ¦ ¤¢´¦´ ¥ª´¤¶´´¦¥ ¢£°·¦, µ©¦³¦ ¢³¦ ´°®¦ ¢´±¦¤µ´ °§ °±¦³¢µª°¯¢­ ®°¯ªµ°³ª¯¨
µ©¢µ ¯¦¦¥ µ° £¦ ¤°¯´ª¥¦³¦¥ ®°³¦ ¨¦¯¦³¢­­º. F°³ ¦¹¢®±­¦, µ©¦³¦ ®¢º £¦ ¢ ¯¦¦¥ µ° ³¦·ª¦¸ ª¯§°³®¢µª°¯
§³°® °±¦³¢µª°¯¢­ ¶´¦ µ° ª¥¦¯µª§º ¯¦¢³ ®ª´´¦´ °³ ¢¯°®¢­°¶´ £¦©¢·ª°¶³. T©¦³¦ ª´ ¢­´° ­ª¬¦­º µ° £¦ £¦¯¦fiµ
ª¯ ¤¢±µ¶³ª¯¨ ¢µ ­¦¢´µ ¢ ´¦­¦¤µª°¯ °§ °±¦³¢µª°¯¢­ ª¯±¶µ´, §°³ ¦¹¢®±­¦, µ° ´¶±±°³µ §¶µ¶³¦ ´¶±±°³µ ¢¯¥
®¢ª¯µ¦¯¢¯¤¦, ¢´ ¸¦­­ ¢´ µ° ®°¯ªµ°³ §°³ ±°µ¦¯µª¢­ ¥ª´µ³ª£¶µª°¯ ´©ª§µ {61}.
I¯ µ©¦´¦ ¤°¯µ¦¹µ´ µ©¦³¦ ®¢º £¦ ¢ ¯¦¦¥ µ° ®¢¬¦ ¢ ¥¦¤ª´ª°¯ °¯ µ©¦ ¦¹µ¦¯µ °§ °±¦³¢µª°¯¢­ ®°¯ªµ°³ª¯¨ µ©¢µ
ª´ ³¦²¶ª³¦¥. Iµ ª´ ¤°¯¤¦ª·¢£­¦ µ©¢µ ¢ fl¦¦µ °§ ´¦­§-¥³ª·ª¯¨ ¤¢³´ ¤°¶­¥ ¤°·¦³ µ©°¶´¢¯¥´, °³ ±°´´ª£­º ®ª­­ª°¯´, °§
®ª­¦´ ¢ ¥¢º. I¯ ´¶¤© ¤¢´¦´ ªµ ®¢º £¦ ¯¦ªµ©¦³ §¦¢´ª£­¦ ¯°³ ¢±±³°±³ª¢µ¦ µ° ¢¯¢­º´¦ ¦·¦³º ´ª¯¨­¦ °±¦³¢µª°¯¢­
ª¯±¶µ ´¦¦¯ £º ¦·¦³º ´ª¯¨­¦ ±­¢µ§°³®. C°¯´¦²¶¦¯µ­º, ¢ ³¦¢´°¯¦¥ ¢³¨¶®¦¯µ ¢´ µ° ¸©¢µ ¥¢µ¢ ¸ª­­ £¦ ¢¯¢­º´¦¥
¢¯¥ ¸©º ª´ ­ª¬¦­º µ° £¦ ³¦²¶ª³¦¥. I¯ ´°®¦ ¤¢´¦´ ¢ ¶¯ª§°³®, ³¢¯¥°® ¤©°ª¤¦ °§ ±­¢µ§°³®´ ®¢º £¦ ¢±±³°±³ª¢µ¦;
ª¯ °µ©¦³ ¤¢´¦´, µ©¦³¦ ®¢º £¦ ¢ ´±¦¤ªfi¤ ¥¦´ª³¦ µ° ´±³¦¢¥ ¥¢µ¢ ¤°­­¦¤µª°¯ ¢¤³°´´ µ©¦ °±¦³¢µª°¯¢­ ¥°®¢ª¯ ¢´
§¢³ ¢´ ±°´´ª£­¦, ³¦´¶­µª¯¨ ª¯ ¢ ±³ª°³ªµª´¢µª°¯ °§ ±­¢µ§°³®´ µ©¢µ ©¢·¦ ¦¹±¦³ª¦¯¤¦¥ ®°³¦ ¦¹°µª¤ ±¢³µ´ °§ µ©¦
°±¦³¢µª°¯¢­ ¥°®¢ª¯.
T©¦ fi¯¢­ ±¢³µ °§ °±¦³¢µª°¯¢­ ®°¯ªµ°³ª¯¨ ª´ ´±¦¤ªfi¤¢­­º ¢ª®¦¥ ¢µ ¤º£¦³ µ©³¦¢µ´. T©ª´ ®¢º ª¯¤­¶¥¦ ´±¦¤ªfi¤
°¯-±­¢µ§°³® ®°¯ªµ°³´ (¦.¨., µ° ¥¦µ¦¤µ ¢¯°®¢­°¶´ ´°§µ¸¢³¦ £¦©¢·ª°¶³, {21}I. A¯ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ ¸©¢µ
¢´±¦¤µ´ ´©°¶­¥ £¦ ±³ª°³ªµª´¦¥, §³°® ¢ ®°¯ªµ°³ª¯¨ ±¦³´±¦¤µª·¦, ¤°¶­¥ £¦ ¨¢ª¯¦¥ £º ­°°¬ª¯¨ ¢µ µ©¦ ´¦¤¶³ªµº
±¦³ª®¦µ¦³ (ª.¦., ª¯µ¦³§¢¤¦´ ª¯µ° µ©¦ ±­¢µ§°³®I ¢¯¥ µ©¦ ´¦¤¶³ªµº ¦¯·ª³°¯®¦¯µ {71}.
D¦±¦¯¥ª¯¨ °¯ µ©¦ ´±¦¤ªfi¤´ °§ µ©¦ ¥¦±­°º®¦¯µ, ®°¯ªµ°³ª¯¨ ¤°¶­¥ ¢­´° ª¯·°­·¦ ¤°®±¢³ª¯¨ ®¶­µª±­¦ ±­¢µ§°³®´
¸ªµ©ª¯ ¢ fl¦¦µ. T©¦ ª¯µ¶ªµª°¯ ª´ µ©¢µ ¶¯¦¹±¦¤µ¦¥, °³ ¶¯¦¹±­¢ª¯¦¥, £¦©¢·ª°¶³ ª¯ µ©¦ ¤¢´¦ °§ °¯¦ ±­¢µ§°³®,
°³ ¢ ´®¢­­ ¯¶®£¦³ °§ ±­¢µ§°³®´, ¤°¶­¥ £¦ ª¯¥ª¤¢µª·¦ °§ ¢ ¤º£¦³-³¦­¢µ¦¥ ª´´¶¦. Iµ ¤°¶­¥ ¢­´° £¦ ª¯¥ª¤¢µª·¦
°§ ¢ ¯¶®£¦³ °§ °µ©¦³ ª´´¶¦´ ¢´ ¸¦­­, ®¢¯º °§ ¸©ª¤© ¸°¶­¥ ³¦²¶ª³¦ ª¯·¦´µª¨¢µª°¯ §³°® ¢ ´¢§¦µº-³¦­¢µ¦¥
±¦³´±¦¤µª·¦.
I¯ ¢¥¥ªµª°¯ µ° µ©¦´¦ ±­¢µ§°³®-§°¤¶´¦¥ ¢´±¦¤µ´ °§ ¤º£¦³-³¦­¢µ¦¥ ®°¯ªµ°³ª¯¨, µ©¦³¦ ª´ ¢­´° ­ª¬¦­º µ° £¦ ¢
¯¦¦¥ µ° ®°¯ªµ°³ ¨¦¯¦³¢­, ¤º£¦³-³¦­¢µ¦¥ ª¯§°³®¢µª°¯. T©ª´ ´©°¶­¥ ª¯¤­¶¥¦ ®°¯ªµ°³ª¯¨ §°³ ª¯§°³®¢µª°¯ °¯




































T©¦ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ±³°«¦¤µª°¯ ¤°¯´ª¥¦³´ ªµ¦®´ µ©¢µ ¢³¦ ¢³¦ ª¯µ¦¯¥¦¥ °³ ³¦²¶ª³¦¥ µ° ª¯µ¦³¢¤µ ¸ªµ© µ©¦
±­¢µ§°³®, £¶µ ¢³¦ ¯°µ ¥ª³¦¤µ­º °¸¯¦¥ £º µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³ °³ °±¦³¢µ°³. E²¶ª·¢­¦¯µ­º, µ©ª´ ±³°«¦¤µª°¯
¤°¯´ª¥¦³´ µ©ª¯¨´ µ©¢µ µ©¦ ±­¢µ§°³® ª´ ¦¹±¦¤µ¦¥ µ° ª¯µ¦³§¢¤¦ ¸ªµ©. I¯ ´°®¦ ¤¢´¦´, µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³
®¢º £¦ ¢£­¦ µ° ¦¹¦³¤ª´¦ ´°®¦ ¥¦¨³¦¦ °§ ¤°¯µ³°­ °·¦³ £°µ© ´ª¥¦´ °§ µ©¦ ª¯µ¦³§¢¤¦ (¦.¨., §°³ ±­¢µ§°³® µ¦´µ ³ª¨´I;
¢­µ¦³¯¢µª·¦­º, ªµ ¤°¶­¥ £¦ £¦¤¢¶´¦ µ©¦ ¥¦·¦­°±¦³ ¤°¯µ³ª£¶µ¦´ µ° ¢¯ °±¦¯ ´µ¢¯¥¢³¥, ¢´ ®¢º £¦ µ©¦ ¤¢´¦ §°³
³°¢¥´ª¥¦ §¶³¯ªµ¶³¦.
T©¦³¦ ¢³¦ µ©³¦¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
PLT2-1: I¯µ¦³¢¤µª¯¨ ªµ¦®´ µ©¢µ ¢ff¦¤µ µ©¦ ´¢§¦ °±¦³¢µª°¯ °§ µ©¦ ±­¢µ§°³® ¢³¦ ª¥¦¯µªfi¦¥
¢¯¥ ¶¯¥¦³´µ°°¥.
Dª´¤¶´´ª°¯: Aµ ­¦¢´µ ´°®¦ °§ µ©¦ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¢³¦ ­ª¬¦­º µ° ©¢·¦ µ©¦ ±°µ¦¯µª¢­ µ° ¢ff¦¤µ ´¢§¦ °±¦³¢µª°¯.
T©¦ ¦ff¦¤µ ¤°¶­¥ ¢³ª´¦ ª§, §°³ ¦¹¢®±­¦, µ©¦ ªµ¦® ±³°·ª¥¦¥ ª¯¤°³³¦¤µ ª¯§°³®¢µª°¯ ¢¯¥ µ©ª´ ¸¢´ ¶´¦¥ ¸ªµ©°¶µ
°¯-±­¢µ§°³® ¤©¦¤¬ª¯¨. A­µ¦³¯¢µª·¦­º, ªµ ¤°¶­¥ ¢³ª´¦ ª§ µ©¦ ªµ¦® ±­¢¤¦¥ µ©¦ ±­¢µ§°³® ª¯ ¢ ´±¦¤ª¢­ ¤°¯fi¨¶³¢µª°¯,
§°³ ¦¹¢®±­¦, µ° §¢¤ª­ªµ¢µ¦ ®¢ª¯µ¦¯¢¯¤¦ ¢¯¥ µ©ª´ ¤°¯fi¨¶³¢µª°¯ ¸¢´ ®ª´µ¢¬¦¯­º ­¦§µ ª¯ ±­¢¤¦ ¸©¦¯ µ©¦ ±­¢µ§°³®
¸¢´ ³¦µ¶³¯¦¥ µ° °±¦³¢µª°¯¢­ ¶´¦. Gª·¦¯ µ©ª´ ±°µ¦¯µª¢­ ª®±¢¤µ, ªµ ª´ ª®±°³µ¢¯µ µ©¢µ ¢­­ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¢³¦
ª¥¦¯µªfi¦¥ ¢¯¥ µ©¦ª³ ±°µ¦¯µª¢­ ª®±¢¤µ °¯ ´¢§¦µº ª´ ¶¯¥¦³´µ°°¥.
A´ ¸¦­­ ¢´ £¦ª¯¨ ª®±°³µ¢¯µ ª¯ ªµ´ °¸¯ ³ª¨©µ, µ©¦ ¶¯¥¦³´µ¢¯¥ª¯¨ ¨¢ª¯¦¥ §³°® ´¢µª´§ºª¯¨ µ©ª´ °£«¦¤µª·¦ ´¶±±°³µ´
µ©¦ °µ©¦³ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
E¹¢®±­¦´: T©¦³¦ ª´ ¢ ¸ª¥¦ ³¢¯¨¦ °§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ µ©¢µ ¤°¶­¥ ±°µ¦¯µª¢­­º ¢ff¦¤µ ´¢§¦µº. I¯ ¢¥¥ªµª°¯
µ° °ff-±­¢µ§°³® ª¯§°³®¢µª°¯ ´°¶³¤¦´ ¢¯¥ ®¢ª¯µ¦¯¢¯¤¦ ¦²¶ª±®¦¯µ, °µ©¦³ ¦¹¢®±­¦´ ª¯¤­¶¥¦ µ³¢ª¯ª¯¨
ª¯§°³®¢µª°¯, µ¦¤©¯ª¤¢­ ±¶£­ª¤¢µª°¯´ ¢¯¥ µ©¦ ±³°¤¦´´ £º ¸©ª¤© ±­¢µ§°³® ¶±¥¢µ¦´ ¢³¦ ¢¤©ª¦·¦¥. S¦·¦³¢­ °§
µ©¦´¦ ªµ¦®´ ¤¢¯ £¦ ·ª¦¸¦¥ ¢´ £¦ª¯¨ ´¢§¦µº-³¦­¢µ¦¥ ¥¢µ¢. C°¯´¦²¶¦¯µ­º, D¢µ¢ S¢§¦µº G¶ª¥¢¯¤¦®¢º £¦ ©¦­±§¶­
{79}.
S¦·¦³¢­ ¢±±³°¢¤©¦´ ¤°¶­¥ £¦ ¶´¦¥ µ° ¨¢ª¯ µ©¦ ¶¯¥¦³´µ¢¯¥ª¯¨ ¯¦¤¦´´¢³º §°³ µ©ª´ °£«¦¤µª·¦. F°³ ¦¹¢®±­¦, ±¢³µ
°§ STPA {46} ª¯·°­·¦´ ¥³¢¸ª¯¨ ¢ ¤°¯µ³°­ ´µ³¶¤µ¶³¦, ¸©ª¤© ª­­¶´µ³¢µ¦´ ¦¯µªµª¦´, ¤°¯µ³°­ ¢¤µª°¯´ ¢¯¥ §¦¦¥£¢¤¬
ª¯§°³®¢µª°¯. T©ª´ ´©°¶­¥ ©ª¨©­ª¨©µ ¬¦º ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¢´ ¸¦­­ ¢´ µ©¦ª³ ±°µ¦¯µª¢­ ¦ff¦¤µ °¯ µ©¦ ±­¢µ§°³®,
¸©ª¤© ª´ µº±ª¤¢­­º ³¦­¢µ¦¥ µ° µ©¦ ª¯§°³®¢µª°¯ µ©¢µ ª´ ±³°·ª¥¦¥.
A¯ ¢­µ¦³¯¢µª·¦ ¢±±³°¢¤© ¤°¶­¥ ª¯·°­·¦ ­°°¬ª¯¨ ¢µ µ©¦ ±­¢µ§°³® §³°® µ©¦ ±¦³´±¦¤µª·¦ °§ ¢ ¤¢±¢£ª­ªµº
®¢¯¢¨¦®¦¯µ §³¢®¦¸°³¬, §°³ ¦¹¢®±­¦, µ©¦ D¦§¦¯¤¦ Lª¯¦´ °§ D¦·¦­°±®¦¯µ (DLOD´I ¶´¦¥ £º µ©¦ UK Mª¯ª´µ³º
O§ D¦§¦¯¤¦ (MODI, ¸©ª¤© ¢³¦: µ³¢ª¯ª¯¨; ¦²¶ª±®¦¯µ; ±¦³´°¯¯¦­; ª¯§°³®¢µª°¯; ¥°¤µ³ª¯¦ ¢¯¥ ¤°¯¤¦±µ´;
°³¨¢¯ª´¢µª°¯; ª¯§³¢´µ³¶¤µ¶³¦; ¢¯¥ ­°¨ª´µª¤´ {59}. C°¯´ª¥¦³ª¯¨ ¦¢¤© °§ µ©¦´¦ “­ª¯¦´” ´©°¶­¥ ©¦­± ª¥¦¯µª§º
ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¢¯¥, ´¶£´¦²¶¦¯µ­º, µ©¦ª³ ±°µ¦¯µª¢­ ¦ff¦¤µ´ °¯ ´¢§¦µº.
PLT2-2: I¯µ¦³¢¤µª°¯´ ±³¦´¦³·¦ ±­¢µ§°³® ´¢§¦µº.
Dª´¤¶´´ª°¯: T©ª´ °£«¦¤µª·¦ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ª¯µ¦³¢¤µª¯¨ ªµ¦®´ µ©¢µ ¢³¦ £¦©¢·ª¯¨ ¢¤¤°³¥ª¯¨ µ° µ©¦ª³ ¥¦´ª¨¯
ª¯µ¦¯µ. Sª¯¤¦ µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³ ©¢´ ª¯µ¦¯µª°¯¢­­º ª¯¤­¶¥¦¥ µ©¦´¦ ª¯µ¦³¢¤µª°¯´, ªµ ª´ ³¦¢´°¯¢£­¦ µ°
¢´´¶®¦ µ©¦º ¢­´° ©¢·¦ ¢ ´°¶¯¥ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ µ©ª´ ª¯µ¦¯µ. C°¯´¦²¶¦¯µ­º, ®¶¤© °§ µ©ª´ °£«¦¤µª·¦ ¸°¶­¥
£¦ ¦¹±¦¤µ¦¥ µ° £¦ ´¢µª´fi¦¥ ·ª¢ ´µ¢¯¥¢³¥ ´º´µ¦® ¢¯¥ ´¢§¦µº ¦¯¨ª¯¦¦³ª¯¨ ¢±±³°¢¤©¦´. H°¸¦·¦³, µ©¦³¦ ®¢º
£¦ ¢ ¯¶®£¦³ °§ ¢¶µ°¯°®º-³¦­¢µ¦¥ “¦¥¨¦ ¤¢´¦´” µ©¢µ ®¢º ¸¢³³¢¯µ ´±¦¤ªfi¤ ª¯·¦´µª¨¢µª°¯.

































¢¶µ°¯°®°¶´ ´º´µ¦® ¸ª­­ £¦ ±³¦´¦¯µ ª¯ µ©¦ ´¢®¦ ¦¯·ª³°¯®¦¯µ. T©ª´ ¸°¶­¥ £¦ µ©¦ ¤¢´¦, §°³ ¦¹¢®±­¦, ª§
¢ ®¢¯¶§¢¤µ¶³¦³ °§ ´¦­§-¥³ª·ª¯¨ ·¦©ª¤­¦´ ©¢¥ ´°­¥ ®¢¯º ·¦©ª¤­¦´ ¸ªµ©ª¯ µ©¦ ´¢®¦ ¨¦°¨³¢±©ª¤¢­ ³¦¨ª°¯. S¶¤©
·¦©ª¤­¦´ ¢³¦ ¤­¦¢³­º ¶¯¥¦³ µ©¦ ¤°¯µ³°­ °§ µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³, £¶µ µ©¦º ®¢º ¯°µ ¯¢µ¶³¢­­º £¦ ©ª¨©­ª¨©µ¦¥
£º ¢±±³°¢¤©¦´ ¶´¦¥ µ° ª¥¦¯µª§º ª¯µ¦³¢¤µª¯¨ ªµ¦®´.
T©ª´ ¯°µª°¯ ¤¢¯ ¦¢´ª­º £¦ ¦¹µ¦¯¥¦¥ µ° ª¯µ¦³¢¤µª°¯´ £¦µ¸¦¦¯ ¥ªff¦³¦¯µ µº±¦´ °§ ±­¢µ§°³® ¥¦·¦­°±¦¥ £º
µ©¦ ´¢®¦ °³¨¢¯ª´¢µª°¯. I§, §°³ ¦¹¢®±­¦, µ©¦³¦ ª´ ¢¯ ª¯¥¶´µ³º-¸ª¥¦ ´µ¢¯¥¢³¥ §°³ ´©¢³ª¯¨ ª¯§°³®¢µª°¯ µ©¦¯
µ©¦ ¯°µª°¯ ¤¢¯ ¢­´° £¦ ¦¹µ¦¯¥¦¥ µ° ¤°·¦³ ±­¢µ§°³®´ ¥¦·¦­°±¦¥ £º °µ©¦³ °³¨¢¯ª´¢µª°¯´; ¢­µ¦³¯¢µª·¦­º, °³
¢¥¥ªµª°¯¢­­º, µ©¦´¦ ±­¢µ§°³®´ ¤°¶­¥ £¦ ¤°·¦³¦¥ £º µ©¦ ·¢³ª°¶´ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ¦¯·ª³°¯®¦¯µ
±³°«¦¤µª°¯.
E¹¢®±­¦´: Iµ ®¢º £¦ µ©¦ ¤¢´¦ µ©¢µ µ©¦ µ¦¤©¯ª²¶¦´ ¶´¦¥ µ° ·¦³ª§º ±­¢µ§°³® £¦©¢·ª°¶³ (ª.¦., µ° ´¢µª´§º
O£«¦¤µª·¦ PLT1-5I ¯¢µ¶³¢­­º ¦¹µ¦¯¥, °³ ¤¢¯ £¦ ¦¢´ª­º ¦¹µ¦¯¥¦¥, µ° ¤°·¦³ µ©¦ ¤¢´¦ °§ ®¶­µª±­¦ ±­¢µ§°³®´.
W©ª­´µ µ©ª´ ¸°¶­¥ ®¢¬¦ ¢ ´ª¨¯ªfi¤¢¯µ ¤°¯µ³ª£¶µª°¯ µ° µ©¦ ¤¶³³¦¯µ °£«¦¤µª·¦, µ©¦³¦ ³¦®¢ª¯´ ¢ ¯¦¦¥ µ°
¥¦´¤³ª£¦, ¢¯¥ «¶´µª§º, µ©¦ µ¦´µ ¤¢´¦´ µ©¢µ ¢³¦ ¤°¯´ª¥¦³¦¥ (¦.¨., ©°¸ ®¢¯º ±­¢µ§°³®´, ¸©¢µ ª¯ªµª¢­ ´µ¢µ¦´ ¢¯¥
¤°¯fi¨¶³¢µª°¯´, ¢¯¥ ´° °¯I. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ¤°¶­¥ £¦ ª¯§°³®¦¥ £º ´°®¦ ¯°µª°¯ °§ ¤°·¦³¢¨¦, ´ª®ª­¢³ µ°
µ©°´¦ ¥ª´¤¶´´¦¥ ª¯ O£«¦¤µª·¦ PLT1-5.
N°µª°¯´ °§ ¤°·¦³¢¨¦ ¸°¶­¥ ¢­´° £¦ ³¦²¶ª³¦¥ ª§ ¯¦¸ ·¦³ªfi¤¢µª°¯ ¢±±³°¢¤©¦´ ¯¦¦¥¦¥ µ° £¦ ¥¦·¦­°±¦¥ ª¯
³¦­¢µª°¯ µ° µ©ª´ °£«¦¤µª·¦. T©¦´¦ ®¢º £¦ §¶³µ©¦³ ¤°®±­ª¤¢µ¦¥ £º µ©¦ ±°´´ª£ª­ªµº °§ ¥ªff¦³¦¯µ ´°§µ¸¢³¦ ·¦³´ª°¯´
(ª¯¤­¶¥ª¯¨ ®°¥¦­ ·¢³ª¢¯µ´I ¢®°¯¨´µ µ©¦ ±­¢µ§°³®´.
I§ ®¶­µª±­¦ ª¯´µ¢¯µª¢µª°¯´ ¢³¦ ª¯ °±¦³¢µª°¯¢­ ¶´¦ µ©¦¯ ¦¢¤© ª¯´µ¢¯µª¢µª°¯ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ¤°®±­º ¸ªµ©
¢­­ °£«¦¤µª·¦´. N¦·¦³µ©¦­¦´´, ©¢·ª¯¨ ®¶­µª±­¦ ª¯´µ¢¯µª¢µª°¯´ ±³°·ª¥¦´ ¢ ±°µ¦¯µª¢­ °±±°³µ¶¯ªµº µ° ¦¯©¢¯¤¦
fl¦¦µ-¸ª¥¦ ´¢§¦µº. C°¯´ª¥¦³, §°³ ¦¹¢®±­¦, ¢ ­¢³¨¦ ®¶­µª-¯¢µª°¯¢­ °³¨¢¯ª´¢µª°¯ ³¦´±°¯´ª£­¦ §°³ ³¶¯¯ª¯¨ ®¢¯º
¥¢µ¢ ¤¦¯µ³¦´. E·¦³º ¥¢µ¢ ¤¦¯µ³¦ ¸°¶­¥ ¯°µ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ³¶¯ ¢µ ±³¦¤ª´¦­º µ©¦ ´¢®¦ ´°§µ¸¢³¦ ±¢µ¤©
­¦·¦­. I¯ µ©ª´ ¤°¯µ¦¹µ, ¥ª·¦³´ªµº ª¯ ±¢µ¤© ­¦·¦­´ °ff¦³´ ´°®¦ ±³°µ¦¤µª°¯ ¢¨¢ª¯´µ ¢¯ ¶¯¬¯°¸¯ ¤°®®°¯ ®°¥¦
§¢ª­¶³¦ ¢ff¦¤µª¯¨ ¢­­ ¥¢µ¢ ¤¦¯µ³¦´. I¯ ¢¥¥ªµª°¯, ªµ ¢­­°¸´ §°³ ¤©¢¯¨¦´ µ° £¦ µ¦´µ¦¥ ª¯ ¢ ´®¢­­ ¯¶®£¦³ °§ ¥¢µ¢
¤¦¯µ³¦´ £¦§°³¦ µ©¦º ¢³¦ ¨³¢¥¶¢­­º ³°­­¦¥ °¶µ.
C°¯¤¦±µ¶¢­­º, ¥ª·¦³´ªµº °ff¦³´ µ©¦ ´¢®¦ £¦¯¦fiµ §°³ fl¦¦µ´ °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´. H°¸¦·¦³, ª¯ µ©ª´ ¤¢´¦,
¢ £¢­¢¯¤¦ ¯¦¦¥´ µ° £¦ §°¶¯¥ £¦µ¸¦¦¯ µ©¦ ¬¯°¸¯ ³ª´¬´ ¢´´°¤ª¢µ¦¥ ¸ªµ© °­¥¦³ ª®±­¦®¦¯µ¢µª°¯´ ¢¯¥ µ©¦
±°µ¦¯µª¢­­º ¶¯¬¯°¸¯ ³ª´¬´ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¢ ¯¦¸­º-±³°¥¶¤¦¥ ª®±­¦®¦¯µ¢µª°¯. A¯ ª¯¤°³³¦¤µ £¢­¢¯¤¦ ¸°¶­¥
¢¥·¦³´¦­º ¢ff¦¤µ ±­¢µ§°³® ´¢§¦µº.
Iµ ´©°¶­¥ ¢­´° £¦ ¯°µ¦¥ µ©¢µ fl¦¦µ-­¦·¦­ ¥ª·¦³´ªµº ¸ª­­ ¯¢µ¶³¢­­º ¢³ª´¦ ª§ µ©¦ ±­¢µ§°³® ¦¹©ª£ªµ´ °¯­ª¯¦ ­¦¢³¯ª¯¨. I¯
µ©ª´ ¤¢´¦, ¢±±³°±³ª¢µ¦ ®¦¢´¶³¦´ ¯¦¦¥ µ° £¦ ª¯ ±­¢¤¦ µ° ®°¯ªµ°³ ¢¯¥ ¤°¯µ³°­ µ©ª´ ¥ª·¦³´ªµº. Oµ©¦³¸ª´¦, µ¸°
¢±±¢³¦¯µ­º ª¥¦¯µª¤¢­ ¢¶µ°¯°®°¶´ ´º´µ¦®´ ®¢º ¦¹©ª£ªµ ·¦³º ¥ªff¦³¦¯µ £¦©¢·ª°¶³´; µ©ª´ ¤°¶­¥ ¤°¯§¶´¦ ±¦°±­¦
¢¯¥ °µ©¦³ ¦¯µªµª¦´ ª¯ µ©¦ ¦¯·ª³°¯®¦¯µ, ¸ªµ© ±°µ¦¯µª¢­­º ¶¯´¢§¦ ³¦´¶­µ´.
T©¦ fi³´µ ´µ¦± ª¯ ®¢¯¢¨ª¯¨ ¥ª·¦³´ªµº ¸ªµ©ª¯ ¢ fl¦¦µ ª´ µ° ¨¢ª¯ ª¯§°³®¢µª°¯ °¯ µ©¦ ª¯¥ª·ª¥¶¢­ ±­¢µ§°³®´ {9}. T©ª´
¤°¶­¥ ª¯·°­·¦ ³¦±°³µª¯¨ §³°® ¦·¦³º ¢¶µ°¯°®°¶´ ´º´µ¦®, °³ §³°® ¢ ´¶ªµ¢£­º-´¢®±­¦¥ ´¶£´¦µ °§ µ©¦®. Wªµ©
µ©ª´ ª¯§°³®¢µª°¯, µ©¦ ¥¦·¦­°±¦³ ¤°¶­¥ ³¦±­ª¤¢µ¦ ±­¢µ§°³® £¦©¢·ª°¶³ ª¯ ¢ ´º¯µ©¦µª¤ ¦¯·ª³°¯®¦¯µ (µ©¢µ ©¢´
£¦¦¯ ¥¦®°¯´µ³¢µ¦¥ µ° £¦ ´¶ªµ¢£­º ³¦±³¦´¦¯µ¢µª·¦I.
T©ª´ ¢­­°¸´ µ©¦ ¥¦·¦­°±¦³ µ° ®¦¢´¶³¦ ±¦³§°³®¢¯¤¦ ª¯ ¢ ¯¶®£¦³ °§ ´µ¢¯¥¢³¥ ´¤¦¯¢³ª°´ (°³ ´ªµ¶¢µª°¯´I. T©¦
¤©°ª¤¦ °§ ´¤¦¯¢³ª°´ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ¥¦´¤³ª£¦¥ ¢¯¥ «¶´µªfi¦¥ ¢´ ±¢³µ °§ µ©¦ ¤°®±¶µ¢µª°¯’́ ¢´´¶³¢¯¤¦
¢³¨¶®¦¯µ. C¢³¦ ¯¦¦¥´ µ° £¦ µ¢¬¦¯ µ° ¦¯´¶³¦ µ©¢µ µ©¦ ´¦­¦¤µª°¯ °§ ´¤¦¯¢³ª°´ ª´ ´¶ªµ¢£­¦ §°³ µ©¦ ª¯µ¦¯¥¦¥
¶´¦. H°¸¦·¦³, ¦¹±¦³ª¦¯¤¦ §³°® °µ©¦³ ¢³¦¢´ ´¶¨¨¦´µ´ µ©ª´ ®¢º £¦ ±°´´ª£­¦: §°³ ¦¹¢®±­¦, ¢ ´µ¢¯¥¢³¥ ´¦µ °§
´ªµ¶¢µª°¯´ ª´ ¶´¦¥ ¸©¦¯ µ¦´µª¯¨ ¢¯ ¢ª³¤³¢§µ flª¨©µ ´ª®¶­¢µ°³ {28}. T©¦ ¯°µª°¯ °§ ´ªµ¶¢µª°¯ ¤°·¦³¢¨¦ ¤°¶­¥ ¢­´°



































U´ª¯¨ ´µ¢¯¥¢³¥ ´¤¦¯¢³ª°´ ±³°·ª¥¦´ ¢ ±³¢¤µª¤¢­ ®¦¢´¶³¦ °§ µ©¦ ª®±¢¤µ °§ ¥ª·¦³´ªµº ¢¤³°´´ µ©¦ ·¢³ª°¶´
ª¯´µ¢¯µª¢µª°¯´. T©ª´ ®¢º £¦ ´¶±±­¦®¦¯µ¦¥ £º ¢ µ©¦°³¦µª¤¢­ ®¦¢´¶³¦ °§ ¥ª·¦³´ªµº, ¸©ª¤© ¤°¶­¥ £¦ ¤¢­¤¶­¢µ¦¥
£º ´¢®±­ª¯¨ §³°® ¢¤³°´´ µ©¦ ª¯±¶µ ¥°®¢ª¯ ¢¯¥ ¤°®±¢³ª¯¨ µ©¦ ³¦´¶­µ´ ±³°·ª¥¦¥ £º ¥ªff¦³¦¯µ ª¯´µ¢¯µª¢µª°¯´.
V¦³ª§ºª¯¨ ´¢§¦ £¦©¢·ª°¶³ ª¯ µ©¦ ±³¦´¦¯¤¦ °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´ ¥¦·¦­°±¦¥ £º °µ©¦³ ®¢¯¶§¢¤µ¶³¦³´ ®¢º
£¦ ¤°®±­ª¤¢µ¦¥, ¦´±¦¤ª¢­­º ª§ ®¢¯¶§¢¤µ¶³¦³´ ¥° ¯°µ ¸ª´© µ° ´©¢³¦ ¥¦µ¢ª­¦¥, ª®±­¦®¦¯µ¢µª°¯-­¦·¦­ ª¯§°³®¢µª°¯
¢£°¶µ µ©¦ £¦©¢·ª°¶³ °§ µ©¦ª³ ´º´µ¦®´. T©ª´ ¤°¶­¥, ±°µ¦¯µª¢­­º, £¦ °·¦³¤°®¦ ª§ ¢ ¤¦¯µ³¢­ ³¦¨¶­¢µ°³º ¢¶µ©°³ªµº
³¦¤¦ª·¦¥ ´¶¤© ª¯§°³®¢µª°¯ ¢¯¥, §¶³µ©¦³®°³¦, ª¯·¦´µª¨¢µ¦¥ £¦©¢·ª°¶³´ ª¯ ®¶­µª-®¢¯¶§¢¤µ¶³¦ ´ªµ¶¢µª°¯´. T©ª´
®ª¨©µ £¦ ¢¤©ª¦·¦¥ ¶´ª¯¨ ¢¯ ¢±±³°±³ª¢µ¦­º ·¦³ªfi¦¥ ¢¯¥ ·¢­ª¥¢µ¦¥ ´ª®¶­¢µª°¯ ¦¯·ª³°¯®¦¯µ.
S¶¤© ¢¯ ¢±±³°¢¤© ±­¢¤¦´ ¢ ´ª¨¯ªfi¤¢¯µ £¶³¥¦¯ °¯ µ©¦ ³¦¨¶­¢µ°³º ¤°®®¶¯ªµº, ¸©ª¤© µ©¦º ®¢º £¦ ¶¯¸ª­­ª¯¨ °³
¶¯¢£­¦ µ° ¢¤¤¦±µ. F³°® ¢ ®¢¯¶§¢¤µ¶³¦³ ’́ ±¦³´±¦¤µª·¦, ¢¯ ¢­µ¦³¯¢µª·¦ ¸°¶­¥ £¦ µ° µ³¦¢µ °µ©¦³ ¢¶µ°¯°®°¶´
´º´µ¦®´ ¢´ ¦´´¦¯µª¢­­º ¶¯±³¦¥ª¤µ¢£­¦. R°£¶´µ¯¦´´ µ¦´µª¯¨ °§ £¦©¢·ª°¶³´, ¢¯¥ ª¯§°³®¢µª°¯ ±¢´´¦¥ ·ª¢ ¢¯
¢¨³¦¦¥ ´µ¢¯¥¢³¥ ª¯µ¦³§¢¤¦, ¸°¶­¥ £¦ ©¦­±§¶­ ª¯ µ©ª´ ³¦¨¢³¥.
C°¯¤¦±µ¶¢­­º, µ©ª´ ¢±±³°¢¤©®°·¦´ °µ©¦³ ®¢¯¶§¢¤µ¶³¦³´’ ´º´µ¦®´ ª¯µ° µ©¦ ¦¯·ª³°¯®¦¯µ ±³°«¦¤µª°¯, ´° µ©¦³¦
¸°¶­¥ £¦ ·¢­¶¦ ª¯ ¤°¯´ª¥¦³ª¯¨ µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¢µ ±³°«¦¤µª°¯.
PLT2-3: U¯¢·¢ª­¢£ª­ªµº °³ ¶¯³¦­ª¢£ª­ªµº °§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¥°¦´ ¯°µ ®¢¬¦ µ©¦ ±­¢µ§°³®
¶¯´¢§¦.
Dª´¤¶´´ª°¯: A­µ©°¶¨© µ©¦ ¥ª´µª¯¤µª°¯ ª´ ¯°µ ¢­¸¢º´ ³ª¨ª¥, ¨¦¯¦³¢­­º ´±¦¢¬ª¯¨, ªµ ª´ ¦¢´ª¦³ µ° ¤°¯µ³°­ µ©ª¯¨´
µ©¢µ ¢³¦ ±¢³µ °§ µ©¦ ±­¢µ§°³®, ³¢µ©¦³ µ©¢¯ ª¯µ¦³¢¤µª¯¨ ªµ¦®´. F°³ µ©ª´ ³¦¢´°¯, µ©¦³¦ ª´ ¢ ¨³¦¢µ¦³ ¤©¢¯¤¦
°§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ £¦ª¯¨ (°³ £¦¤°®ª¯¨I ¶¯¢·¢ª­¢£­¦ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦ °§ µ©¦ ±­¢µ§°³®. Sª¯¤¦ µ©¦
±­¢µ§°³® ´©°¶­¥ ³¦®¢ª¯ ´¢§¦ ¢µ ¢­­ µª®¦´, ªµ §°­­°¸´ µ©¢µ ¶¯¢·¢ª­¢£ª­ªµº °§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ´©°¶­¥ ¯°µ ³¦´¶­µ
ª¯ ¢¯ ¶¯´¢§¦ ±­¢µ§°³®.
Sª®ª­¢³­º, µ©¦³¦ ª´ µ©¦ ±°´´ª£ª­ªµº °§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ £¦ª¯¨ ¶¯³¦­ª¢£­¦, §°³ ¦¹¢®±­¦, ±³°·ª¥ª¯¨ ®ª´­¦¢¥ª¯¨
ª¯§°³®¢µª°¯. S©°¶­¥ ªµ °¤¤¶³, µ©ª´ ¶¯³¦­ª¢£ª­ªµº ´©°¶­¥ ¯°µ ³¦´¶­µ ª¯ ¢¯ ¶¯´¢§¦ ±­¢µ§°³®.
E¹¢®±­¦´: A³¨¶¢£­º, ¢ ¨°°¥ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ ¸©¢µ ¤°¯´µªµ¶µ¦´ ´¢§¦ £¦©¢·ª°¶³ (§³°® µ©¦ °£«¦¤µª·¦´
¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯ ±³°«¦¤µª°¯I ¤°®£ª¯¦¥ ¸ªµ© ¢ ¨°°¥ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ ±°µ¦¯µª¢­
ª®±¢¤µ´ °§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ (§³°® O£«¦¤µª·¦ PLT2-1I ´©°¶­¥ ®¢¬¦ ¢ ´ª¨¯ªfi¤¢¯µ ¤°¯µ³ª£¶µª°¯ µ° ´¢µª´§ºª¯¨
µ©ª´ °£«¦¤µª·¦ (ª.¦., O£«¦¤µª·¦ PLT2-3I.
T©¦³¦ ¢³¦, ©°¸¦·¦³, ´°®¦ ´¶£µ­¦µª¦´. F°³ ¦¹¢®±­¦, µ©¦³¦ ®¢º £¦ ¤ª³¤¶®´µ¢¯¤¦´ ª¯ ¸©ª¤© ¶¯¢·¢ª­¢£ª­ªµº,
°³ ¶¯³¦­ª¢£ª­ªµº, °§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¤¢¶´¦´ ¢ ¨³¢¥¶¢­ ³¦¥¶¤µª°¯ ª¯ °±¦³¢µª°¯¢­ ±¦³§°³®¢¯¤¦ ¶¯µª­ ¢ ±°ª¯µ
ª´ ³¦¢¤©¦¥ ¸©¦³¦£º µ©¦ ±­¢µ§°³® ª´ ¯° ­°¯¨¦³ ´¢§¦. T©ª´ ¤°¶­¥ °¤¤¶³ ª§, §°³ ¦¹¢®±­¦, ³¦¨¶­¢³ (£¶µ ¯°µ
¯¦¤¦´´¢³ª­º §³¦²¶¦¯µI ¤°®®¶¯ª¤¢µª°¯´ ¸ªµ© ¢ ¤¦¯µ³¢­ ¤°¯µ³°­ ¦¯µªµº ¢³¦ ³¦²¶ª³¦¥ µ° ¢¤¤°¶¯µ §°³ ¥ª´µ³ª£¶µª°¯
´©ª§µ. A ´¶ªµ¢£­¦ ³¦´±°¯´¦ µ° µ©ª´ ¨³¢¥¶¢­ ¥¦¨³¢¥¢µª°¯ ¤°¶­¥ £¦, fi³´µ­º, ª¯§°³®ª¯¨ µ©¦ °±¦³¢µ°³ ¢¯¥,
´¶£´¦²¶¦¯µ­º, ±­¢¤ª¯¨ µ©¦ ¢¶µ°¯°®°¶´ ´º´µ¦® ª¯ ¢ ´¢§¦, ±°µ¦¯µª¢­­º ¯°¯-°±¦³¢µª°¯¢­, ´µ¢µ¦.
7.3 P¦°±­¦
Iµ ª´ ±°´´ª£­¦ µ° ª®¢¨ª¯¦ ¢¶µ°¯°®°¶´ ´º´µ¦®´ µ©¢µ ª¯µ¦³¢¤µ ¸ªµ© ±¦°±­¦ ª¯ ¢ ·¦³º ­ª®ªµ¦¥, ·¦³º ª¯¥ª³¦¤µ ¸¢º:
¢¯ ¢¶µ°¯°®°¶´ ´º´µ¦® µ©¢µ ®¢¯¢¨¦´ ­°¢¥ £¢­¢¯¤ª¯¨ ¢¤³°´´ ¤°®±¶µ¢µª°¯¢­ ³¦´°¶³¤¦´ ª¯ °³¥¦³ µ° ¥¦­ª·¦³
¤°®®¶¯ª¤¢µª°¯´ §¶¯¤µª°¯´ ¤°¶­¥ £¦ °¯¦ ¦¹¢®±­¦. D¦´±ªµ¦ µ©ª´, ®°´µ ¢¶µ°¯°®°¶´ ´º´µ¦®´ ¢³¦ ¦¹±¦¤µ¦¥
µ° ª¯·°­·¦ ´ª¨¯ªfi¤¢¯µ ª¯µ¦³¢¤µª°¯ ¸ªµ© ±¦°±­¦. T©ª´ ª´ ¦´±¦¤ª¢­­º µ³¶¦ §°³ ´¢§¦µº-³¦­¢µ¦¥ ´º´µ¦®´, ¸©ª¤© ¢³¦


































¤°¯´ª¥¦³¦¥. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ¯¦¦¥ µ° ¤°·¦³ µ©¦ ¸©°­¦ ´º´µ¦® ­ª§¦¤º¤­¦, ¢´ ¸¦­­ ¢´ ±¦°±­¦ ¥ª³¦¤µ­º
ª¯·°­·¦¥ ¸ªµ© µ©¦ ±­¢µ§°³® (¦.¨., °±¦³¢µ°³´ ¢¯¥ ®¢ª¯µ¢ª¯¦³´I ¢¯¥ £º´µ¢¯¥¦³´.
T©¦³¦ ¢³¦ §°¶³ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
PLT3-1: S¢§¦µº-³¦­¢µ¦¥ ¥¦®¢¯¥´ °¯ ±¦°±­¦ ª¯µ¦³¢¤µª¯¨ ¸ªµ© µ©¦ ±­¢µ§°³® ¢³¦ ³¦¢´°¯¢£­¦.
Dª´¤¶´´ª°¯: D¦´±ªµ¦ µ©¦ª³ ¢¶µ°¯°®°¶´ ¯¢µ¶³¦, ´°®¦ ±­¢µ§°³®´ ®¢º ³¦²¶ª³¦ ±¦°±­¦ µ° ±¦³§°³® ¤¦³µ¢ª¯
§¶¯¤µª°¯´ µ° ®¢ª¯µ¢ª¯ ´¢§¦µº. F°³ ¦¹¢®±­¦, ¢ ±¦³´°¯ ®¢º £¦ ³¦²¶ª³¦¥ µ° ±¦³§°³® ¢ ®°¯ªµ°³ª¯¨ §¶¯¤µª°¯
¢¯¥ µ° µ¢¬¦ °·¦³ ¤°¯µ³°­ ª¯ °ff-¯°®ª¯¢­ ´ªµ¶¢µª°¯´. A­µ¦³¯¢µª·¦­º, ¢ ±¦³´°¯ ®¢º £¦ ³¦²¶ª³¦¥ µ° ±¦³§°³®
³¦¨¶­¢³ ®¢ª¯µ¦¯¢¯¤¦ ¢¤µª·ªµª¦´, ª¯¤­¶¥ª¯¨ ´¦¯´°³ ¤¢­ª£³¢µª°¯´. R¦¨¢³¥­¦´´ °§ µ©¦ª³ ¯¢µ¶³¦, ª§ ©¶®¢¯ ¢¤µª°¯´
¢³¦ ¯¦¤¦´´¢³º µ° ®¢ª¯µ¢ª¯ ´¢§¦µº µ©¦¯ µ©¦´¦ ¢¤µª°¯´ ¯¦¦¥ µ° £¦ ³¦¢´°¯¢£­¦; §°³ ¦¹¢®±­¦, µ©¦º ´©°¶­¥ ¯°µ
¦¹¤¦¦¥ µ©¦ ¦¹±¦¤µ¦¥ ­ª®ªµ¢µª°¯´ °§ µ©¦ ³¦­¦·¢¯µ ¥¦®°¨³¢±©ª¤. E²¶ª·¢­¦¯µ­º, ¢ ´º´µ¦® ¤¢¯¯°µ £¦ ®¢¥¦ ´¢§¦
£º ¢´¬ª¯¨ ±¦°±­¦ µ° ±¦³§°³® ¶¯³¦¢´°¯¢£­¦ ¢¤µª°¯´.
E¹¢®±­¦´: P¢³µ °§ µ©ª´ °£«¦¤µª·¦ ³¦­¢µ¦´ µ° ¶¯¥¦³´µ¢¯¥ ¸©¢µ ´¢§¦µº-³¦­¢µ¦¥ ¥¦®¢¯¥´ ¢³¦ £¦ª¯¨ ±­¢¤¦¥ °¯
±¦°±­¦. T©¦ ·¢³ª°¶´ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯ ±³°«¦¤µª°¯ ´©°¶­¥ ±³°·ª¥¦
¢ ¨°°¥ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ ´¢§¦µº §³°® ¢ ©°­ª´µª¤ ±¦³´±¦¤µª·¦. T¦¤©¯ª²¶¦´ ´¶¤© ¢´ µ¢´¬ ¢¯¢­º´ª´ °³ µ©¦
F¶¯¤µª°¯¢­ R¦´°¯¢¯¤¦ A¯¢­º´ª´ M¦µ©°¥ (FRAMI {45} ®¢º ©¦­± ª¥¦¯µª§º µ©°´¦ ±¢³µ´ µ©¢µ ³¦­º °¯ ©¶®¢¯
¢¤µª°¯´.
T©¦³¦ ¢³¦ ­ª¬¦­º µ° £¦ ¥°®¢ª¯-´±¦¤ªfi¤ ¤°¯´ª¥¦³¢µª°¯´ ª¯ ¥¦µ¦³®ª¯ª¯¨ ¸©¦µ©¦³ µ©¦´¦ ¢¤µª°¯´ ¢³¦
“³¦¢´°¯¢£­¦”. F°³ ¦¹¢®±­¦, ¢ §¶¯¤µª°¯ µ©¢µ ¢¯º ®¦®£¦³ °§ µ©¦ ¨¦¯¦³¢­ ±¶£­ª¤ ª´ ¦¹±¦¤µ¦¥ µ° ¤°®±­¦µ¦
´©°¶­¥ £¦ ­¦´´ ¥¦®¢¯¥ª¯¨ µ©¢¯ ¢ §¶¯¤µª°¯ µ©¢µ ¸ª­­ °¯­º £¦ ¤°®±­¦µ¦¥ £º ²¶¢­ªfi¦¥ ´µ¢ff.
H¶®¢¯ ¢¤µª°¯´ ¢³¦ ­ª¬¦­º µ° £¦ ³¦±¦¢µ¦¥ ®¢¯º µª®¦´ ¥¶³ª¯¨ µ©¦ ­ª§¦ °§ ¢¯ ¢¶µ°¯°®°¶´ ´º´µ¦®; µ©¦º
®¢º £¦ ³¦±¦¢µ¦¥ ®¢¯º µª®¦´ ¥¶³ª¯¨ ¢ ´ª¯¨­¦ °±¦³¢µª°¯¢­ ¶´¦ °§ ´¶¤© ¢ ´º´µ¦®. C°¯´¦²¶¦¯µ­º, ¨¦¯¦³ª¤
ª¯§°³®¢µª°¯ °¯ ©¶®¢¯ ±¦³§°³®¢¯¤¦ (¦.¨., ³¦­ª¢£ª­ªµº, µª®¦­ª¯¦´´, ¢µµ¦¯µª·¦¯¦´´I ®¢º ©¦­± ª¯§°³® «¶¥¨¦®¦¯µ´
°¯ ³¦¢´°¯¢£­¦¯¦´´.
PLT3-2: S¶ªµ¢£­¦ ª¯µ¦³§¢¤¦´ ¢³¦ ±³°·ª¥¦¥ §°³ ±¦°±­¦ µ©¢µ ®¢º ª¯µ¦³¢¤µ ¸ªµ© µ©¦ ±­¢µ§°³®.
Dª´¤¶´´ª°¯: I¯ ®¢¯º ¤¢´¦´, ±¦°±­¦ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° ª¯µ¦³¢¤µ ¸ªµ© µ©¦ ±­¢µ§°³® µ©³°¶¨© ¥¦´ª¨¯¦¥
ª¯µ¦³§¢¤¦´. E¹±¦³ª¦¯¤¦ ¸ªµ© µ³¢¥ªµª°¯¢­ ´º´µ¦®´ ©¢´ ¥¦®°¯´µ³¢µ¦¥ µ©¦ ª®±°³µ¢¯¤¦ °§ µ©¦´¦ ª¯µ¦³§¢¤¦´.
A³¨¶¢£­º, ª¯ µ©¦ ¤¢´¦ °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´, µ©¦´¦ ª¯µ¦³§¢¤¦´ £¦¤°®¦ ¦·¦¯ ®°³¦ ª®±°³µ¢¯µ: ±¢³µ­º
£¦¤¢¶´¦ °§ µ©¦ ¶¯§¢®ª­ª¢³ªµº ¤¢¶´¦¥ £º µ©¦ ¸¢º ¢¶µ°¯°®º ¤©¢¯¨¦´ µ©¦ ³°­¦ °§ µ©¦ ©¶®¢¯; ¢¯¥ ±¢³µ­º
£¦¤¢¶´¦ µ©¦³¦ ¢³¦ ¦¹¢®±­¦´ °§ ©¶®¢¯´ °·¦³-³ª¥ª¯¨ ´º´µ¦® £¦©¢·ª°¶³ £¦¤¢¶´¦ °§ ±°°³ ´ªµ¶¢µª°¯¢­
¢¸¢³¦¯¦´´.
A­µ©°¶¨© ´±¦¤ªfi¤¢­­º-¥¦´ª¨¯¦¥ ª¯µ¦³§¢¤¦´ ¢³¦ °§ ¨³¦¢µ ª®±°³µ¢¯¤¦, µ©¦³¦ ®¢º £¦ ¤¢´¦´ ¸©¦³¦ ±¦°±­¦
ª¯µ¦³¢¤µ ¸ªµ© ¢ ±­¢µ§°³® ª¯ ¢ ®°³¦ ¨¦¯¦³¢­ ®¢¯¯¦³. F°³ ¦¹¢®±­¦, ª¯ µ©¦ ¤¢´¦ °§ ´¦­§-¥³ª·ª¯¨ ·¦©ª¤­¦´,
±¦¥¦´µ³ª¢¯´ ®¢º °£´¦³·¦ µ©¦ ·¦©ª¤­¦’́ µ³¢«¦¤µ°³º, ¢´ ¸¦­­ ¢´ °µ©¦³ ¦¯µªµª¦´ ª¯ µ©¦ ­°¤¢­ ¦¯·ª³°¯®¦¯µ, µ° §°³®
¢¯ °±ª¯ª°¯ °§ ©°¸ µ©¦ ¢¶µ°¯°®°¶´ ´º´µ¦® ¸ª­­ £¦©¢·¦. I¯ µ©¦ ­°¯¨¦³-µ¦³®, ´µ¢¯¥¢³¥´ ¢¯¥ ¯°³®´ µ©¢µ
¨°·¦³¯ µ©¦´¦ ª¯µ¦³¢¤µª°¯´ ®¢º £¦ ¥¦fi¯¦¥ °³ ¦®¦³¨¦: µ©¦ ¶´¦ °§ ¢¶¥ª£­¦ ¢­¢³®´ ¸©¦¯ ¢ ·¦©ª¤­¦ ª´ ³¦·¦³´ª¯¨
®¢º £¦ °¯¦ ¦¹¢®±­¦. H°¸¦·¦³, ¤¶³³¦¯µ­º, µ©¦´¦ ª¯µ¦³¢¤µª°¯´ ¯¦¦¥ ¤¢³¦§¶­ µ©°¶¨©µ §³°® µ©¦ ±¦³´±¦¤µª·¦ °§
¦¢¤© ¢¶µ°¯°®°¶´ ´º´µ¦®.
E¹¢®±­¦´: T° ¶¯¥¦³´µ¢¯¥ ¸©¢µ ª¯µ¦³§¢¤¦´ ¢³¦ ³¦²¶ª³¦¥, ¢¯¥ ¸©¢µ ¤©¢³¢¤µ¦³ª´µª¤´ ¸°¶­¥ ®¢¬¦ µ©¦´¦



































¸ª­­ ª¯µ¦³¢¤µ ¸ªµ© µ©¦ ±­¢µ§°³®. M¢¯º °§ µ©¦´¦ ´ªµ¶¢µª°¯´ ´©°¶­¥ £¦ ª¥¦¯µªfi¦¥ ¢´ ±¢³µ °§ ¶¯¥¦³´µ¢¯¥ª¯¨
µ©¦ ±­¢µ§°³®’́ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯, ª¯¤­¶¥ª¯¨ ¸©¢µ ¤°¯´µªµ¶µ¦´ ´¢§¦ °±¦³¢µª°¯ (O£«¦¤µª·¦ PLT1-2I. I¯
¢¥¥ªµª°¯, µ©¦³¦ ®¢º £¦ ¢ ¯¦¦¥ µ° ´¦¢³¤© §°³ °µ©¦³ ª¯µ¦³¢¤µª°¯´ ¸ªµ© ±¦°±­¦ µ©¢µ ¥° ¯°µ ¯¢µ¶³¢­­º ¢³ª´¦
§³°® ´¶¤© ¤°¯´ª¥¦³¢µª°¯´. T©ª´ ¤°¶­¥ ±°´´ª£­º £¦ ¢¤©ª¦·¦¥ £º “¸¢­¬ª¯¨ µ©³°¶¨©” µº±ª¤¢­ ¶´¦ ¤¢´¦´ §°³ µ©¦
±­¢µ§°³®, ¸ªµ© µ©¦ ´±¦¤ªfi¤ ¢ª® °§ ª¥¦¯µª§ºª¯¨ ª¯µ¦³¢¤µª°¯´ ¸ªµ© ±¦°±­¦. T©ª´ ´©°¶­¥ ¤°¯´ª¥¦³ £°µ© ±¶­­-´µº­¦
ª¯µ¦³§¢¤¦´, ¸©¦³¦ µ©¦ ±¦³´°¯ ©¢´ µ° ³¦²¶¦´µ ª¯§°³®¢µª°¯, ¢¯¥ ±¶´©-´µº­¦ ª¯µ¦³§¢¤¦´, ¸©¦³¦ µ©¦ ª¯§°³®¢µª°¯
ª´ ¢­¸¢º´ ±³°·ª¥¦¥.
A´ ¸¦­­ ¢´ ¶¯¥¦³´µ¢¯¥ª¯¨ µ©¦ ´ªµ¶¢µª°¯´ ¸©¦³¦ ª¯µ¦³¢¤µª°¯´ °¤¤¶³, µ©¦³¦ ª´ ¢­´° ¢ ¯¦¦¥ µ° ¶¯¥¦³´µ¢¯¥
µ©¦ ¥ªff¦³¦¯µ µº±¦´ °§ ±¦°±­¦ µ©¢µ ®¢º £¦ ª¯·°­·¦¥. F°³ ¦¹¢®±­¦, µ©¦ ª¯µ¦³§¢¤¦ ±³°·ª¥¦¥ µ° ¢ ¤©ª­¥ ®¢º
£¦ ¥ªff¦³¦¯µ §³°® µ©¢µ ±³°·ª¥¦¥ µ° ¢¯ ¢¥¶­µ. Sª®ª­¢³­º, µ©¦ ª¯µ¦³§¢¤¦ ±³°·ª¥¦¥ µ° ¢ ¯¢µª·¦ ´±¦¢¬¦³ ®¢º
£¦ ¥ªff¦³¦¯µ §³°® µ©¢µ ±³°·ª¥¦¥ µ° ´°®¦°¯¦ ¶¯§¢®ª­ª¢³ ¸ªµ© µ©¢µ ­¢¯¨¶¢¨¦. T° ¨ª·¦ °¯¦ fi¯¢­ ¦¹¢®±­¦,
µ©¦ ª¯µ¦³§¢¤¦ ±³°·ª¥¦¥ µ° ¢ µ³¢ª¯¦¥ (¢¯¥ ¤¦³µªfi¦¥I °±¦³¢µ°³ ®¢º £¦ ¥ªff¦³¦¯µ §³°® µ©¢µ ±³°·ª¥¦¥ µ° ¢ ­¢º
±¦³´°¯. M¢¯º °§ µ©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ®¢º £¦ ¢¥¥³¦´´¦¥ £º µ³¢¥ªµª°¯¢­ H¶®¢¯-M¢¤©ª¯¦ I¯µ¦³§¢¤¦ (HMII
¢±±³°¢¤©¦´.
P³°·ª¥¦¥ ªµ ¸¢´ ´¶ffi¤ª¦¯µ­º ³¦¢­ª´µª¤ (¢¯¥ ¥¦®°¯´µ³¢µ¦¥ µ° £¦ ´°I, ¢¯ ª¯µ¦³¢¤µª·¦ ´ª®¶­¢µª°¯ ¤°¶­¥ £¦ ¢ ¶´¦§¶­
µ°°­ µ° ©¦­± ¥¦·¦­°± µ©¦ ¶¯¥¦³´µ¢¯¥ª¯¨ ¥ª´¤¶´´¦¥ ª¯ µ©¦ ±³¦¤¦¥ª¯¨ ±¢³¢¨³¢±©´.
T©¦´¦ µ³¢¥ªµª°¯¢­ ¢±±³°¢¤©¦´ ®¢º ¯¦¦¥ µ° £¦ ´¶±±­¦®¦¯µ¦¥ ¸ªµ© µ¦¤©¯ª²¶¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© “E¹±­¢ª¯¢£­¦
AI” {1}. I¯ µ©ª´ ¤°¯µ¦¹µ, µ©¦³¦ ª´ ¢ ¥ªff¦³¦¯¤¦ £¦µ¸¦¦¯ ­°¤¢­ ¦¹±­¢ª¯¢£ª­ªµº, ¸©ª¤© ³¦­¢µ¦´ µ° ¢ ´ª¯¨­¦ ª¯±¶µ, ¢¯¥
¨­°£¢­ ¦¹±­¢ª¯¢£ª­ªµº, ¸©ª¤© ³¦­¢µ¦´ µ° µ©¦ ª¯±¶µ ¥°®¢ª¯ (°³ ¢ ­¢³¨¦ ±°³µª°¯ °§ ªµI. A´ °¶µ­ª¯¦¥ ª¯ µ©¦ ±³¦¤¦¥ª¯¨
±¢³¢¨³¢±©, µ©¦³¦ ª´ ¢­´° ¢ ¯¦¦¥ µ° ¢¤¤°¶¯µ §°³ µ©¦ ¤°¯µ¦¹µ ¸ªµ©ª¯ ¸©ª¤© µ©¦ ¦¹±­¢¯¢µª°¯ ª´ ±³°·ª¥¦¥, °³
³¦²¶ª³¦¥.
PLT3-3: A±±³°±³ª¢µ¦ µ³¢ª¯ª¯¨ ª´ ±³°·ª¥¦¥ §°³ ±­¢µ§°³® ¶´¦³´ ¢¯¥ ®¢ª¯µ¢ª¯¦³´.
Dª´¤¶´´ª°¯: A ¬¦º ¢´±¦¤µ °§ ®¢¯º ¢¶µ°¯°®°¶´ ´º´µ¦®´ ª´ µ©¢µ µ©¦º ¤©¢¯¨¦ µ©¦ ³°­¦ °§ µ©¦ ©¶®¢¯. T©ª´
¤©¢¯¨¦ ª¯ ³°­¦ ®¦¢¯´ µ©¢µ ¢¥¥ªµª°¯¢­ µ³¢ª¯ª¯¨ ª´ ­ª¬¦­º µ° £¦ £¦¯¦fi¤ª¢­; §¶³µ©¦³®°³¦, ¢ ¥ªff¦³¦¯µ §°³® °§
µ³¢ª¯ª¯¨ ®¢º ¢­´° £¦ ©¦­±§¶­. M°³¦ ´±¦¤ªfi¤¢­­º, ¦·¦¯ µ©°¶¨© ¢¶µ°¯°®º µº±ª¤¢­­º ³¦¥¶¤¦´ µ©¦ £¶³¥¦¯ °¯
µ©¦ ©¶®¢¯ µ©¦³¦ ®¢º ´µª­­ £¦ ¢ ¯¦¦¥ µ° µ³¢ª¯ °±¦³¢µ°³´: µ©ª´ ¤°¶­¥, §°³ ¦¹¢®±­¦, ª¯·°­·¦ ¦¥¶¤¢µª°¯ ¢£°¶µ
¦¹±¦¤µ¦¥ ±­¢µ§°³® £¦©¢·ª°¶³ ª¯ £°µ© ¯°®ª¯¢­ ¢¯¥ °ff-¯°®ª¯¢­ ´ªµ¶¢µª°¯´. Sª®ª­¢³­º, ´°®¦ §°³® °§ µ³¢ª¯ª¯¨
®¢º £¦ ³¦²¶ª³¦¥ §°³ ®¢ª¯µ¢ª¯¦³´, §°³ ¦¹¢®±­¦, £¦ª¯¨ ¢£­¦ µ° ®¢¯¢¨¦ ¶±¥¢µ¦´ °§ ML-£¢´¦¥ ®°¥¦­´.
E¹¢®±­¦´: T³¢ª¯ª¯¨ §°³ ¶´¦³´ ¢¯¥ ®¢ª¯µ¢ª¯¦³´ ª´ ­ª¬¦­º µ° £¦ ±­¢µ§°³®-´±¦¤ªfi¤. A´ §°³ µ³¢¥ªµª°¯¢­ ´º´µ¦®´,
µ©¦³¦ ®¢º £¦ ¢ ¯¦¦¥ §°³ §°³®¢­ ¤¦³µªfi¤¢µª°¯ ¢¯¥, ±°µ¦¯µª¢­­º, ³¦-¤¦³µªfi¤¢µª°¯.
T©¦ ¯¢µ¶³¦ °§ ML-£¢´¦¥ ®°¥¦­´ ª´ ´¶¤© µ©¢µ ¢¶µ°¯°®°¶´ ´º´µ¦®´ ®¢º £¦ ¶±¥¢µ¦¥ ®°³¦ §³¦²¶¦¯µ­º µ©¢¯
ª´ µº±ª¤¢­­º µ©¦ ¤¢´¦ §°³ ¤¶³³¦¯µ ´º´µ¦®´. T©ª´ ³¢ª´¦´ µ©¦ ª®±°³µ¢¯¤¦ °§ ¤°¯´ª¥¦³ª¯¨ µ©¦ ª®±¢¤µ °§ ª¯¥ª·ª¥¶¢­
¤©¢¯¨¦´ ¢¯¥, ¦´±¦¤ª¢­­º, µ©¦ ¤¶®¶­¢µª·¦ ª®±¢¤µ °§ ®¶­µª±­¦ ¤©¢¯¨¦´. A µª®¦-£¢´¦¥ ¢±±³°¢¤© µ° ³¦-µ³¢ª¯ª¯¨,
¤°®£ª¯¦¥ ¸ªµ© ¢ µª®¦-£¢´¦¥ £°¶¯¥ °¯ µ©¦ ´¤¢­¦ ¢¯¥ ¯¶®£¦³ °§ ¤©¢¯¨¦´, ¤°¶­¥ £¦ ¢¥°±µ¦¥. A­µ¦³¯¢µª·¦­º, ¢
®¦µ³ª¤ µ©¢µ ¦´µª®¢µ¦´ µ©¦ ¤¶®¶­¢µª·¦ ¦ff¦¤µ °§ ®¶­µª±­¦ ¤©¢¯¨¦´ ¤°¶­¥ £¦ ¥¦·¦­°±¦¥, ¸ªµ© ³¦-µ³¢ª¯ª¯¨ £¦ª¯¨
ª¯·°¬¦¥ °¯¤¦ µ©¢µ ®¦µ³ª¤ ¦¹¤¦¦¥´ ¢ µ©³¦´©°­¥. I¯ ¦ªµ©¦³ ¤¢´¦, ¤¢³¦ ¯¦¦¥ µ° £¦ µ¢¬¦¯ µ° ±³°µ¦¤µ ¢¨¢ª¯´µ ¢
¤°¯´¤ª°¶´ °³ ¶¯¤°¯´¤ª°¶´ ¥¦´ª³¦ µ° ®ª¯ª®ª´¦ ³¦-µ³¢ª¯ª¯¨ (¦.¨., µ° ®ª¯ª®ª´¦ °±¦³µ¢ª°¯¢­ ¤°´µ´I µ° ´¶¤© ¢¯
¦¹µ¦¯µ µ©¢µ ±­¢µ§°³® °±¦³¢µª°¯ £¦¤°®¦´ ¶¯´¢§¦.
PLT3-4: T©¦ ±­¢µ§°³® ª´ ¢±±³°±³ª¢µ¦­º ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ ©¢³® §³°® ¢¥·¦³´¢³ª¢­ ¢¤µ°³´.

































®¢¯¯¦³ ¯¦¦¥´ µ° £¦ ¤°¯´ª¥¦³¦¥. Gª·¦¯ µ©¦ ¦¹µ¦¯´ª·¦ ¶´¦ °§ ´°§µ¸¢³¦ ¢¯¥ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ ª¯
¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯°­°¨ª¦´, µ©¦³¦ ª´ ¢ ´ª¨¯ªfi¤¢¯µ ¤º£¦³-³¦­¢µ¦¥ ¢µµ¢¤¬ ´¶³§¢¤¦ µ©¢µ ¢¥·¦³´¢³ª¦´ ®¢º
´¦¦¬ µ° ¦¹±­°ªµ.
H°¸¦·¦³, µ©ª´ °£«¦¤µª·¦ ª´ ª¯µ¦¯µª°¯¢­­º ¸ª¥¦³ µ©¢¯ ¤º£¦³-³¦­¢µ¦¥ ¤°¯´ª¥¦³¢µª°¯´; ªµ ¢­´° ª¯¤­¶¥¦´ °µ©¦³
¢¤µª·ªµª¦´ µ©¢µ ©¶®¢¯´ ¤°¶­¥ µ¢¬¦ µ©¢µ ¢ff¦¤µ ±­¢µ§°³® £¦©¢·ª°¶³, ¦´±¦¤ª¢­­º §°³ ¦ff¦¤µ´ µ©¢µ ©¢·¦
µ©¦ ±°µ¦¯µª¢­ µ° ­¦¢¥ µ° ¶¯´¢§¦ £¦©¢·ª°¶³. O¯¦ ¦¹¢®±­¦ ¢¤µª·ªµº ¤°¶­¥ £¦ ±¦¥¦´µ³ª¢¯´ ¢¯¥ ¤º¤­ª´µ´
±°´ªµª°¯ª¯¨ µ©¦®´¦­·¦´ µ° µ³º ¢¯¥ ª¯fl¶¦¯¤¦ ·¦©ª¤­¦ µ³¢«¦¤µ°³ª¦´. A¯°µ©¦³ ¦¹¢®±­¦ ¤°¶­¥ £¦ ±­¢µ§°³® ¶´¦³´
ª®±­¦®¦¯µª¯¨ ¶¯¢¶µ©°³ª´¦¥ ®°¥ªfi¤¢µª°¯´, ±¦³©¢±´ ¸ªµ© µ©¦ ¢ª® °§ ¢­µ¦³ª¯¨ ¢ ·¦©ª¤­¦’́ ±¦³§°³®¢¯¤¦.
E¹¢®±­¦´: T©¦ ±°µ¦¯µª¢­ ´¤°±¦ °§ µ©ª´ °£«¦¤µª·¦ ª´ ·¢´µ. F³°® ¢ ¤º£¦³ ´¦¤¶³ªµº ±¦³´±¦¤µª·¦, µ©¦ D§T
G¶ª¥¦­ª¯¦´ §°³ Cº£¦³ S¦¤¶³ªµº §°³ C°¯¯¦¤µ¦¥ ¢¯¥ A¶µ°®¢µ¦¥ V¦©ª¤­¦´ ¢³¦ ­ª¬¦­º µ° £¦ ¶´¦§¶­ {23}. Lª¬¦¸ª´¦,
µ©¦ ¤°®£ª¯¦¥ ¥¦·¦­°±®¦¯µ °§ ¢ ´¦¤¶³ªµº ¤¢´¦ ¢¯¥ ¢ ´¢§¦µº ¤¢´¦ ®¢º ©¦­± {48}.
F³°® µ©¦ ´±¦¤ªfi¤ ±¦³´±¦¤µª·¦ °§ ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯°­°¨ª¦´, ±³°µ¦¤µª¯¨ ¢¨¢ª¯´µ µ©¦ ±°´´ª£ª­ªµº °§
µ³¢ª¯ª¯¨ ¢£¶´¦ (¦.¨., ·ª¢ ¥¢µ¢ ±°ª´°¯ª¯¨ °³ µ©³°¶¨© µ¢ª¯µ¦¥ ±³¦-µ³¢ª¯¦¥ ®°¥¦­´ {37}I ª´ ª®±°³µ¢¯µ. C°¶±­ª¯¨
µ©ª´ ¸ªµ© ®°¯ªµ°³ª¯¨ °§ °±¦³¢µª°¯¢­ ª¯±¶µ´ ¢¯¥ ¢¶µ°¯°®°¶´ (°³ ®°¥¦­I £¦©¢·ª°¶³ ª´ ­ª¬¦­º µ° £¦ £¦¯¦fi¤ª¢­.
T©¦´¦ ¤°¯¤¦±µ´ ¢³¦ ¢­´° ³¦­¦·¢¯µ µ° µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ (¦.¨., O£«¦¤µª·¦´ ARC1-2 ¢¯¥ ARC1-4I.
A¯ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ ±°µ¦¯µª¢­ ¯°¯-¤º£¦³ ¦ff¦¤µ´ ®¢º £¦ ¨¢ª¯¦¥, ¢µ ­¦¢´µ ª¯ µ©¦°³º, £º ¢ ´¶ªµ¢£­º £³°¢¥ ³¦¥
µ¦¢®ª¯¨ ¦¹¦³¤ª´¦ {50}. Lª¬¦ ¢­­ ³¦¥ µ¦¢® ¦¹¦³¤ª´¦´, µ©ª´ ¸°¶­¥ ³¦²¶ª³¦ ¢ ¨³°¶± °§ ª¯¯°·¢µª·¦ µ©ª¯¬¦³´; ªµ ª´ ¢­´°
­ª¬¦­º µ° ³¦²¶ª³¦ ±¦°±­¦ ¸ªµ© ¢ ¨°°¥ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ ©°¸ µ©¦ ±­¢µ§°³® ¸°¶­¥ ³¦´±°¯¥ µ° ¯°·¦­ ´ªµ¶¢µª°¯´.
Gª·¦¯ µ©¦ ¸ª¥¦ ±°µ¦¯µª¢­ £¦©¢·ª°¶³ ¢´´°¤ª¢µ¦¥ ¸ªµ© ®¢¯º ¢¶µ°¯°®°¶´ ´º´µ¦®´, µ©ª´ ¶¯¥¦³´µ¢¯¥ª¯¨ ®¢º £¦
¥ªffi¤¶­µ µ° °£µ¢ª¯. Iµ ¤°¶­¥, ±°´´ª£­º, £¦ ³¦±­¢¤¦¥ £º ¢±±³°±³ª¢µ¦ µ¦´µ´ (ª¯¤­¶¥ª¯¨ ´ª®¶­¢µª°¯´I. A¥°±µª¯¨ µ©ª´
¢±±³°¢¤© ¤°¶­¥ ³¦´¶­µ ª¯ ¢ ´¦³ª¦´ °§ ³¦¥ µ¦¢® ´¦´´ª°¯´, ª¯ ¸©ª¤© ±°´´ª£­¦ ¢¥·¦³´¢³º ¢¤µª°¯´ ¢³¦ ±³°±°´¦¥,
¸ªµ© µ©¦ ³¦´¶­µ´ °§ µ©¦´¦ £¦ª¯¨ ¥¦µ¦³®ª¯¦¥ °fflª¯¦ ¢¯¥ §¦¥ £¢¤¬ ª¯µ° ¢ ´¶£´¦²¶¦¯µ ´¦´´ª°¯.
I§ ¢ ´¶ªµ¢£­¦ ´ª®¶­¢µª°¯ ¸¢´ ¢·¢ª­¢£­¦, ¸©ª¤© ª¯¤­¶¥¦¥ ³¦±³¦´¦¯µ¢µª°¯´ °§ µ©¦ ±­¢µ§°³® ¢¯¥ ¢¥·¦³´¢³ª¢­ ¢¤µ°³´,
µ©¦¯ µ©¦³¦ ®¢º £¦ ·¢­¶¦ ª¯ ¢¥°±µª¯¨ ´°®¦ §°³® °§ ¢¶µ°®¢µ¦¥ ³¦¥ µ¦¢®ª¯¨.
7.4 E¯·ª³°¯®¦¯µ
A ¬¦º ¢´±¦¤µ °§ ®¢¯º ¢¶µ°¯°®°¶´ ´º´µ¦®´ ª´ µ©¦ ¤°®±­¦¹, ¥ª·¦³´¦ ¢¯¥ ¥º¯¢®ª¤ ¯¢µ¶³¦ °§ µ©¦ ª¯µ¦¯¥¦¥
°±¦³¢µª°¯¢­ ¥°®¢ª¯. T©¦´¦ ¤©¢³¢¤µ¦³ª´µª¤´ ®¦¢¯ ªµ ª´ ª®±°´´ª£­¦ µ° ±³¦¤ª´¦­º ¥¦fi¯¦ £¦§°³¦©¢¯¥ ¸©¢µ
¦¯µªµª¦´ ¸ª­­ £¦ ±³¦´¦¯µ ª¯ µ©¦ ¦¯·ª³°¯®¦¯µ °³ ©°¸ µ©¦º ¸ª­­ £¦©¢·¦. T©¦ ¦¯·ª³°¯®¦¯µ ±³°«¦¤µª°¯ ª´
¤°¯¤¦³¯¦¥ ¸ªµ© µ©¦´¦ ¦¯µªµª¦´, ¸©ª¤© µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³ ¢¯¥ °±¦³¢µ°³ ©¢·¦ ­ªµµ­¦ °³ ¯° ¤°¯µ³°­ °·¦³, ¢´
¸¦­­ ¢´ ¨¦°¨³¢±©ª¤¢­ ¢¯¥ ®¦µ¦°³°­°¨ª¤¢­ ±³°±¦³µª¦´.
T©¦³¦ ¢³¦ µ¸° °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ ±³°«¦¤µª°¯.
PLT4-1: E­¦®¦¯µ´ °§ µ©¦ ¦¯·ª³°¯®¦¯µ ³¦­¦·¢¯µ µ° µ©¦ ´¢§¦ °±¦³¢µª°¯ °§ µ©¦ ±­¢µ§°³® ¢³¦
ª¥¦¯µªfi¦¥ ¢¯¥ ¶¯¥¦³´µ°°¥.
Dª´¤¶´´ª°¯: I¯ °³¥¦³ µ° ®¢¬¦ ¢³¨¶®¦¯µ´ ¢£°¶µ, ¢¯¥ ¥¦®°¯´µ³¢µ¦, µ©¦ ´¢§¦ °±¦³¢µª°¯ °§ ¢ ±­¢µ§°³® ªµ
ª´ ¯¦¤¦´´¢³º µ° ¶¯¥¦³´µ¢¯¥ µ©¦ ¦¯·ª³°¯®¦¯µ ª¯ ¸©ª¤© µ©¦ ±­¢µ§°³® ®¢º £¦ ¶´¦¥, ¯°µª¯¨ µ©¢µ µ©ª´ ª´ ¯°µ
¯¦¤¦´´¢³ª­º µ©¦ ´¢®¦ ¢´ µ©¦ ª¯µ¦¯¥¦¥ °±¦³¢µª°¯¢­ ¥°®¢ª¯. P¢³µ °§ µ©ª´ ¶¯¥¦³´µ¢¯¥ª¯¨ ª´ ¤°¯¤¦³¯¦¥ ¸ªµ©
ª¯µ¦³¢¤µª¯¨ ªµ¦®´ (O£«¦¤µª·¦ PLT2-1I ¢­µ©°¶¨© µ©¦ ®°´µ ´ª¨¯ªfi¤¢¯µ ±¢³µ ¤°®¦´ §³°® ¶¯¥¦³´µ¢¯¥ª¯¨ ¦¯µªµª¦´



































E¹¢®±­¦´: I¯ ´°®¦ ¤¢´¦´, ¢¯ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ µ©¦ ¦¯·ª³°¯®¦¯µ ®¢º £¦ ³¦­¢µª·¦­º ¦¢´º µ° ¦´µ¢£­ª´©. T©ª´
®¢º £¦ µ©¦ ¤¢´¦ §°³ ¢¯ ¢¶µ°¯°®°¶´ ´º´µ¦® µ©¢µ §°³®´ ±¢³µ °§ ¢¯ ¢±±­ª¤¢µª°¯ µ° ´¶±±°³µ ®¦¥ª¤¢­ ¥ª¢¨¯°´¦´.
M°³¦ ¨¦¯¦³¢­­º, µ©¦ ¢±±³°¢¤©¦´ ¶´¦¥ µ° ¶¯¥¦³´µ¢¯¥ ¸©¢µ ¤°¯´µªµ¶µ¦´ ´¢§¦ £¦©¢·ª°¶³ (O£«¦¤µª·¦ PLT1-2I
¢¯¥ ¸©¢µ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ®¢º ¢ff¦¤µ ´¢§¦µº (O£«¦¤µª·¦ PLT2-1I ¢³¦ ­ª¬¦­º µ° ©¦­± ª¥¦¯µª§º ¦­¦®¦¯µ´ °§ µ©¦
¦¯·ª³°¯®¦¯µ µ©¢µ ¢³¦ ³¦­¦·¢¯µ µ° µ©ª´ °£«¦¤µª·¦.
Iµ ª´ ª®±°³µ¢¯µ µ©¢µ µ©¦ ¦¯·ª³°¯®¦¯µ ª´ ¥¦´¤³ª£¦¥ ¢¯¥ ¶¯¥¦³´µ°°¥ ª¯ ¢¯ ª¯¤­¶´ª·¦ ®¢¯¯¦³, ¸ªµ©°¶µ
«¦°±¢³¥ª´ª¯¨ ¶¯¥¦³´µ¢¯¥¢£ª­ªµº. I¯ ´°®¦ ¤¢´¦´, ªµ ®¢º £¦ ±­¢¶´ª£­¦ µ° ­ª´µ ¢­­ ¦¯µªµª¦´ ¸ªµ©ª¯ ¢ ¨ª·¦¯ ¤­¢´´
(°³ ´¶£-¤­¢´´I µ©¢µ ®¢º §°³® ±¢³µ °§ µ©¦ ¦¯·ª³°¯®¦¯µ. E¹ª´µª¯¨ ¤­¢´´ªfi¤¢µª°¯´, §°³ ¦¹¢®±­¦, °§ ³°¢¥ ·¦©ª¤­¦´,
®¢º ©¦­± ª¯ µ©ª´ ¦¯¥¦¢·°¶³. I¯ °µ©¦³ ¤¢´¦´ ªµ ®¢º £¦ ¢±±³°±³ª¢µ¦ µ° ¥¦fi¯¦ ±¢³µ´ °§ µ©¦ ¦¯·ª³°¯®¦¯µ £º
¦¹¤­¶´ª°¯; µ©¢µ ª´, µ©¦ ¦¯·ª³°¯®¦¯µ ®¢º ¤°¯µ¢ª¯ ¦·¦³ºµ©ª¯¨ ¢±¢³µ §³°® ¤¦³µ¢ª¯ ´±¦¤ªfi¦¥ ªµ¦®´.
T©¦ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ µ©¦ ¦¯·ª³°¯®¦¯µ ¯¦¦¥´ µ° ¤°¯´ª¥¦³ £°µ© ¯°®ª¯¢­ (ª.¦., ¦¹±¦¤µ¦¥I ¢¯¥ °ff-¯°®ª¯¢­ (ª.¦.,
¶¯¦¹±¦¤µ¦¥I ´ªµ¶¢µª°¯´. T©¦ ±³¦´¦¯¤¦ °§ ¦®¦³¨¦¯¤º ·¦©ª¤­¦´, °³ £³°¬¦¯ ¥°¸¯ ·¦©ª¤­¦´ ®¢º £¦ ¦¹¢®±­¦´
°§ µ©¦ ­¢µµ¦³ ¤­¢´´. Iµ ®¢º £¦ ©¦­±§¶­ µ° ¥¦·¦­°± ¢ ³¢¯¨¦ °§ ´ªµ¶¢µª°¯´ µ©¢µ ¢±±­º µ° ¢¯ ¦¯µª³¦ ¤­¢´´ °§
¢¶µ°¯°®°¶´ ´º´µ¦®´: §°³ ¦¹¢®±­¦, ³¦¨¢³¥­¦´´ °§ ®¢¯¶§¢¤µ¶³¦³, ´¦­§-¥³ª·ª¯¨ ¤¢³´ (°±¦³¢µª¯¨ ª¯ µ©¦ ´¢®¦
¨¦°¨³¢±©ª¤¢­ ³¦¨ª°¯I ¢³¦ ­ª¬¦­º µ° ¦¹±¦³ª¦¯¤¦ µ©¦ ´¢®¦, °³ ·¦³º ´ª®ª­¢³, ¦¯·ª³°¯®¦¯µ´.
I¯ µ¦³®´ °§ ¨¦°¨³¢±©ª¤¢­ ¢¯¥ ®¦µ¦°³°­°¨ª¤¢­ ±³°±¦³µª¦´ °§ µ©¦ ¦¯·ª³°¯®¦¯µ, £°¶¯¥´ ¢³¦ ­ª¬¦­º µ° £¦
¢·¢ª­¢£­¦ §³°® ´º´µ¦®-­¦·¦­ ³¦²¶ª³¦®¦¯µ´. T©¦´¦ ´©°¶­¥, §°³ ¦¹¢®±­¦, ª¥¦¯µª§º ®ª¯ª®¶® ¢¯¥ ®¢¹ª®¶®
°±¦³¢µª¯¨ µ¦®±¦³¢µ¶³¦´. I§ ªµ ª´ ³¦­¦·¢¯µ, µ©¦º ®¢º ¢­´° ´±¦¤ª§º £°¶¯¥´ °¯ ±³°±¦³µª¦´ ­ª¬¦ ¢­µªµ¶¥¦, ·ª£³¢µª°¯,
¢¤¤¦­¦³¢µª°¯, ¨³¢¥ª¦¯µ, ¢¯¥ ´° °¯.
T©¦ ±°µ¦¯µª¢­ ¦ff¦¤µ °§ ¦¯·ª³°¯®¦¯µ¢­ ±³°±¦³µª¦´ °¯ ³¦¥¶¯¥¢¯¤º ¯¦¦¥´ µ° £¦ ¶¯¥¦³´µ°°¥. F°³ ¦¹¢®±­¦,
´¶±±°´¦ ¢ ±­¢µ§°³® ª´ fiµµ¦¥ ¸ªµ© ¢ ³¢¯¨¦ °§ ´¦¯´°³´ µ° ±³°·ª¥¦ ³¦¥¶¯¥¢¯¤º, £¶µ ´°®¦ °§ µ©¦ ´¦¯´°³´ ¥°
¯°µ §¶¯¤µª°¯ ¢¥¦²¶¢µ¦­º ª¯ ¤¦³µ¢ª¯ ®¦µ¦°³°­°¨ª¤¢­ ¤°¯¥ªµª°¯´ (¦.¨., §°¨I. I¯ ´¶¤© ¤ª³¤¶®´µ¢¯¤¦´, §°¨ ®¢º ¯°µ
ª®®¦¥ª¢µ¦­º ¤³¦¢µ¦ ¢¯ ¶¯´¢§¦ ´ªµ¶¢µª°¯, ¢­µ©°¶¨© ªµ ®¢º ³¦¥¶¤¦ ´¢§¦µº ®¢³¨ª¯´. T©ª´ ¤°¶­¥ ¤³¦¢µ¦ ¢ ¤¢´¦
¸©¦³¦ ¢ ´ª¯¨­¦ §¢ª­¶³¦ ³¦´¶­µ¦¥ ª¯ ¶¯´¢§¦ °±¦³¢µª°¯, ¦·¦¯ µ©°¶¨© §³°® ¢ µ©¦°³¦µª¤¢­ ±¦³´±¦¤µª·¦ µ©¦ ±­¢µ§°³®
¸¢´ ¦²¶ª±±¦¥ ¸ªµ© ³¦¥¶¯¥¢¯µ ´¦¯´°³´.
PLT4-2: Sªµ¶¢µª°¯¢­ ¢¸¢³¦¯¦´´ °§ µ©¦ ±­¢µ§°³®’´ ¦¯·ª³°¯®¦¯µ ª´ ®¢ª¯µ¢ª¯¦¥.
Dª´¤¶´´ª°¯: Sªµ¶¢µª°¯¢­ ¢¸¢³¦¯¦´´ ³¦­¢µ¦´ µ° µ©¦ ±­¢µ§°³®’́ ¶¯¥¦³´µ¢¯¥ª¯¨ °§ µ©¦ ¦¯·ª³°¯®¦¯µ. T©ª´
ª¯¤­¶¥¦´ ¶¯¥¦³´µ¢¯¥ª¯¨ ¸©¢µ °µ©¦³ ¦¯µªµª¦´ ¦¹ª´µ, ¸©¢µ ¤°¶³´¦´ °§ ¢¤µª°¯ µ©¦´¦ ¦¯µªµª¦´ ¢³¦ ­ª¬¦­º µ° µ¢¬¦
¢¯¥ ¸©¢µ ¤°¶³´¦´ °§ ¢¤µª°¯ µ©¦º ¤°¶­¥ ±°µ¦¯µª¢­­º µ¢¬¦ ª¯ ¢ ¸°³´µ ¤¢´¦ (§³°® ¢ ´¢§¦µº ±¦³´±¦¤µª·¦I ´¤¦¯¢³ª°.
T©ª´ ¢¸¢³¦¯¦´´ ª´ ª®±°³µ¢¯µ ¢´ ªµ §°³®´ µ©¦ £¢´ª´ °§ ¥¦¤ª´ª°¯ ®¢¬ª¯¨: ®¢¬ª¯¨ ¢ ¤°³³¦¤µ ¥¦¤ª´ª°¯ £¢´¦¥ °¯
ª¯¤°³³¦¤µ ¥¢µ¢ ¤°¶­¥ ­¦¢¥ µ° ¶¯´¢§¦ °¶µ¤°®¦´.
T©¦ ª®±°³µ¢¯¤¦ °§ ´ªµ¶¢µª°¯¢­ ¢¸¢³¦¯¦´´ ª´ ¢­´° ¦®±©¢´ª´¦¥ ª¯ µ©¦ fi³´µ µ¸° ¤°®±°¯¦¯µ´ °§ ¤°®®°¯
®°¥¦­´ §°³ ¢¶µ°¯°®°¶´ ´º´µ¦®´, §°³ ¦¹¢®±­¦: M°¯ªµ°³, A¯¢­º´¦, P­¢¯, E¹¦¤¶µ¦ (MAPEI; ¢¯¥ S¦¯´¦,
U¯¥¦³´µ¢¯¥, D¦¤ª¥¦, A¤µ (SUDAI.
E¹¢®±­¦´: F°³ ´°®¦ ±­¢µ§°³®´, ®¢ª¯µ¢ª¯ª¯¨ ´ªµ¶¢µª°¯¢­ ¢¸¢³¦¯¦´´ ®¢º £¦ ³¦­¢µª·¦­º ´µ³¢ª¨©µ§°³¸¢³¥. F°³
¦¹¢®±­¦, ª¯ µ©¦ ¤¢´¦ °§ ¢ ®¦¥ª¤¢­ ¥ª¢¨¯°´ª´ ´º´µ¦®, µ©¦ ¢´´°¤ª¢µ¦¥ ¦¯·ª³°¯®¦¯µ ¤°¶­¥ ª¯¤­¶¥¦ ¥¢µ¢ ¢£°¶µ
µ©¦ ª®¢¨¦ (¦.¨., µ©¦ µº±¦ °§ ´¤¢¯¯¦³ ¶´¦¥, µ©¦ µª®¦ ¢¯¥ ¥¢µ¦ ¢µ ¸©ª¤© µ©¦ ª®¢¨¦ ¸¢´ µ¢¬¦¯, ¢¯ ¢´´°¤ª¢µ¦¥
±¢µª¦¯µ ª¥¦¯µªfi¦³I; ªµ ¤°¶­¥ ¢­´° ª¯¤­¶¥¦ ¨¦¯¦³¢­ ©¦¢­µ©¤¢³¦ ª¯§°³®¢µª°¯ ³¦­¦·¢¯µ µ° µ©¦ ±¢µª¦¯µ (¦.¨., ¤¶³³¦¯µ
®¦¥ª¤¢µª°¯I. F°³ °µ©¦³ ±­¢µ§°³®´, ®¢ª¯µ¢ª¯ª¯¨ ´¶ªµ¢£­¦ ¢¸¢³¦¯¦´´ °§ µ©¦ ¦¯·ª³°¯®¦¯µ (ª¯ ¢­­ °±¦³¢µª¯¨
¤°¯¥ªµª°¯´I ¤°¶­¥ £¦ ¢ ´ª¨¯ªfi¤¢¯µ ¤©¢­­¦¯¨¦.


































£¦ ¢ ¨°°¥ ¦¹¢®±­¦ °§ µ©ª´. E¯´¶³ª¯¨ µ©¢µ ´¢§¦µº-³¦­¢µ¦¥ ª®±¢¤µ´ °§ ´¶¤© ¥¢µ¢ ©¢·¦ £¦¦¯ ¤°¯´ª¥¦³¦¥ ª´
ª®±°³µ¢¯µ. T©¦ D¢µ¢ S¢§¦µº G¶ª¥¢¯¤¦ ®¢º £¦ ·¢­¶¢£­¦ ª¯ µ©ª´ ³¦¨¢³¥ {79}.
Oµ©¦³ ¢´±¦¤µ´ °§ ´ªµ¶¢µª°¯¢­ ¢¸¢³¦¯¦´´ ®¢º £¦ ®°³¦ ¥º¯¢®ª¤. U¯¥¦³´µ¢¯¥ª¯¨ µ©¦ ¤¶³³¦¯µ ®¦µ¦°³°­°¨ª¤¢­
¤°¯¥ªµª°¯´ ª´ ­ª¬¦­º µ° £¦ ª®±°³µ¢¯µ. A´ ¯°µ¦¥ ¦¢³­ª¦³ µ©¦´¦ ¤°¶­¥, ±°µ¦¯µª¢­­º, ³¦¥¶¤¦ ´¢§¦µº ®¢³¨ª¯´. T©¦
ª®±¢¤µ °§ ®¦µ¦°³°­°¨ª¤¢­ ¤°¯¥ªµª°¯´ °¯ µ©¦ ¦¯·ª³°¯®¦¯µ ¢­´° ¯¦¦¥ µ° £¦ ¤°¯´ª¥¦³¦¥: ¢ ¸¦µ °³ ª¤º ³°¢¥
´¶³§¢¤¦ ¸ª­­ ¢ff¦¤µ £³¢¬ª¯¨ ¥ª´µ¢¯¤¦´, §°³ ¦¹¢®±­¦.
T° ¶¯¥¦³´µ¢¯¥ ¸©¢µ ­¦·¦­ °§ ´ªµ¶¢µª°¯¢­ ¢¸¢³¦¯¦´´ ª´ ³¦²¶ª³¦¥, ¢¯¢­º´ª´ ¯¦¦¥´ µ° £¦ ¤°¯¥¶¤µ¦¥ µ°
¶¯¥¦³´µ¢¯¥, §°³ ¦¹¢®±­¦, µ©¦ ¢¤¤¶³¢¤º ¢¯¥ ­¢µ¦¯¤º ¸ªµ© ¸©ª¤© ª¯§°³®¢µª°¯ ª´ ³¦²¶ª³¦¥. T©¦ ¤°¯µ³°­
´µ³¶¤µ¶³¦ ¥ª¢¨³¢® (¢´´°¤ª¢µ¦¥ ¸ªµ© STPA {46}I ®¢º ©¦­± ª¥¦¯µª§º µ©¦ ³¦­¦·¢¯µ ±ª¦¤¦´ °§ ª¯§°³®¢µª°¯;
´¶£´¦²¶¦¯µ ¢¯¢­º´¦´ ¤°¶­¥ ±³°·ª¥¦ ¥¦µ¢ª­´ °§ µ©¦ ±³°±¦³µª¦´ µ©ª´ ª¯§°³®¢µª°¯ ¯¦¦¥´ µ° ¦¹©ª£ªµ.
I¯ ®¢¯º ¤¢´¦´, µ©¦ ¦¯·ª³°¯®¦¯µ ¤©¢¯¨¦´ ³¦­¢µª·¦­º ´®°°µ©­º ¸ªµ© µª®¦. C°¯´¦²¶¦¯µ­º, µ©¦³¦ ®¢º £¦ ¢ ¯¦¦¥
µ° ®¦¢´¶³¦ ¢¯¥ ±³°±¢¨¢µ¦ ¶¯¤¦³µ¢ª¯µº ¢£°¶µ µ©¦ ¦¯·ª³°¯®¦¯µ ¢¯¥, ¦´±¦¤ª¢­­º, ¦¯µªµª¦´ ¸ªµ©ª¯ ªµ. T©ª´ ®¢º
¢­­°¸ µ©¦ ±­¢µ§°³® µ° ¢¥°±µ ¤¦³µ¢ª¯ £¦©¢·ª°¶³´ µ° ¦ªµ©¦³ ³¦¥¶¤¦ µ©ª´ ¶¯¤¦³µ¢ª¯µº (¦.¨., £º ¤©¢¯¨ª¯¨ µ©¦ ¸¢º




























F°³ ¦¢´¦ °§ ³¦§¦³¦¯¤¦, µ©ª´ ´¦¤µª°¯ ­ª´µ´ µ©¦ °£«¦¤µª·¦´ ¥ª´¤¶´´¦¥ ¦¢³­ª¦³.
8.1 C°®±¶µ¢µª°¯-L¦·¦­
T¢£­¦ 5: C°®±¶µ¢µª°¯-L¦·¦­ O£«¦¤µª·¦´
I¥ O£«¦¤µª·¦ P³°«¦¤µª°¯
COM1-1 D¢µ¢ ª´ ¢¤²¶ª³¦¥ ¢¯¥ ¤°¯µ³°­­¦¥ ¢±±³°±³ª¢µ¦­º.
E¹±¦³ª¦¯¤¦
COM1-2 P³¦-±³°¤¦´´ª¯¨ ®¦µ©°¥´ ¥° ¯°µ ª¯µ³°¥¶¤¦ ¦³³°³´.
COM1-3 D¢µ¢ ¤¢±µ¶³¦´ µ©¦ ³¦²¶ª³¦¥ ¢­¨°³ªµ©® £¦©¢·ª°¶³.
COM1-4 A¥·¦³´¦ ¦ff¦¤µ´ ¢³ª´ª¯¨ §³°® ¥ª´µ³ª£¶µª°¯ ´©ª§µ ¢³¦ ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ.
COM2-1 F¶¯¤µª°¯¢­ ³¦²¶ª³¦®¦¯µ´ ª®±°´¦¥ °¯ µ©¦ ¢­¨°³ªµ©® ¢³¦ ¥¦fi¯¦¥ ¢¯¥ ´¢µª´fi¦¥.
T¢´¬
COM2-2
N°¯-§¶¯¤µª°¯¢­ ³¦²¶ª³¦®¦¯µ´ ª®±°´¦¥ °¯ µ©¦ ¢­¨°³ªµ©® ¢³¦ ¥¦fi¯¦¥ ¢¯¥
´¢µª´fi¦¥.
COM2-3 A­¨°³ªµ©® ±¦³§°³®¢¯¤¦ ª´ ®¦¢´¶³¦¥ °£«¦¤µª·¦­º.
COM2-4 P¦³§°³®¢¯¤¦ £°¶¯¥¢³ª¦´ ¢³¦ ¦´µ¢£­ª´©¦¥ ¢¯¥ ¤°®±­ª¦¥ ¸ªµ©.
COM2-5 T©¦ ¢­¨°³ªµ©® ª´ ·¦³ªfi¦¥ ¸ªµ© ¢¯ ¢±±³°±³ª¢µ¦ ­¦·¦­ °§ ¤°·¦³¢¨¦.
COM2-6 T©¦ µ¦´µ ¦¯·ª³°¯®¦¯µ ª´ ¢±±³°±³ª¢µ¦.
COM2-7 E¢¤© ¢­¨°³ªµ©® ·¢³ª¢¯µ ª´ µ¦´µ¦¥ ¢±±³°±³ª¢µ¦­º.
COM3-1 A¯ ¢±±³°±³ª¢µ¦ ¢­¨°³ªµ©® µº±¦ ª´ ¶´¦¥.
A­¨°³ªµ©®
COM3-2 Tº±ª¤¢­ ¦³³°³´ ¢³¦ ª¥¦¯µªfi¦¥ ¢¯¥ ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ.
COM3-3 T©¦ ¢­¨°³ªµ©®’́ £¦©¢·ª°¶³ ª´ ¦¹±­¢ª¯¢£­¦.
COM3-4 P°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´ ª´ ´¶±±°³µ¦¥.
COM4-1 T©¦ ´°§µ¸¢³¦ ª´ ¥¦·¦­°±¦¥ ¢¯¥ ®¢ª¯µ¢ª¯¦¥ ¶´ª¯¨ ¢±±³°±³ª¢µ¦ ´µ¢¯¥¢³¥´.
S°§µ¸¢³¦
COM4-2 S°§µ¸¢³¦ ®ª´£¦©¢·ª°¶³ ¥°¦´ ¯°µ ³¦´¶­µ ª¯ ª¯¤°³³¦¤µ °¶µ±¶µ´ §³°® µ©¦ ¢­¨°³ªµ©®.
COM5-1 A±±³°±³ª¢µ¦ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ ´µ¢¯¥¢³¥´ ¢³¦ ¦®±­°º¦¥.
H¢³¥¸¢³¦




















T¢£­¦ 6: A¶µ°¯°®º A³¤©ªµ¦¤µ¶³¦-L¦·¦­ O£«¦¤µª·¦´
I¥ O£«¦¤µª·¦ P³°«¦¤µª°¯
ARC1-1 F¢ª­¶³¦´ °§ ´¶£-´º´µ¦®´ µ©¢µ ±³°·ª¥¦ ¤°®±¶µ¢µª°¯ ª¯±¶µ´ ¢³¦ µ°­¦³¢µ¦¥.
T°­¦³¢¯¤¦
ARC1-2
O±¦³¢µª°¯¢­ ª¯±¶µ´ ª¯¤°¯´ª´µ¦¯µ ¸ªµ© µ©¦ µ³¢ª¯ª¯¨, µ¦´µ ¢¯¥ ·¦³ªfi¤¢µª°¯ ¥¢µ¢ ¢³¦
µ°­¦³¢µ¦¥.
ARC1-3 F¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ ª¯µ¦³¯¢­ µ° µ©¦ ¤°®±¶µ¢µª°¯ ¢³¦ µ°­¦³¢µ¦¥.
ARC1-4 A¥·¦³´¢³ª¢­ ¢µµ¦®±µ´ µ° ¥ª´³¶±µ µ©¦ ¤°®±¶µ¢µª°¯ ¢³¦ µ°­¦³¢µ¦¥.
ARC1-5 I¯¤°³³¦¤µ ¤°®±¶µ¢µª°¯ °¶µ±¶µ´ ¢³¦ µ°­¦³¢µ¦¥.
ARC2-1 R¦­¦·¢¯µ ª¯§°³®¢µª°¯ ª´ ±³¦´¦¯µ¦¥ µ° ª¯µ¦³¢¤µª¯¨ ±¢³µª¦´.
I¯§°³®¢µª°¯
P³°·ª´ª°¯ARC2-2
R¦­¦·¢¯µ ª¯§°³®¢µª°¯ ª´ ¢·¢ª­¢£­¦ µ° ´¶±±°³µ ®¢ª¯µ¦¯¢¯¤¦ ¢¯¥ §¶µ¶³¦
¥¦·¦­°±®¦¯µ.
ARC2-3 R¦­¦·¢¯µ ª¯§°³®¢µª°¯ ª´ ±³¦´¦³·¦¥ µ° ´¶±±°³µ ±°´µ-ª¯¤ª¥¦¯µ ¢¯¢­º´ª´.
ARC2-4 I¯§°³®¢µª°¯ ª´ ®¢¯¢¨¦¥ ´¦¤¶³¦­º.
ARC3-1 I¯¢±±³°±³ª¢µ¦ °³ ¶¯¢¶µ©°³ª´¦¥ ¢¥¢±µ¢µª°¯´ ¥° ¯°µ °¤¤¶³.
A¥¢±µ¢µª°¯



















T¢£­¦ 7: P­¢µ§°³®-L¦·¦­ O£«¦¤µª·¦´
I¥ O£«¦¤µª·¦ P³°«¦¤µª°¯
PLT1-1




PLT1-2 A¤¤¦±µ¢£­º ´¢§¦ °±¦³¢µª°¯ §°³ µ©¦ ±­¢µ§°³® ª´ ¥¦fi¯¦¥.
PLT1-3 T©¦ ´±¦¤ªfi¦¥ £¦©¢·ª°¶³ °§ µ©¦ ±­¢µ§°³® ª´ ±³¦¥ª¤µ¢£­¦, ¤°¯´ª´µ¦¯µ ¢¯¥ ´¢§¦.
PLT1-4
T©¦ ´±¦¤ªfi¦¥ £¦©¢·ª°¶³ ª´ ´¢§¦ ª¯ µ©¦ ±³¦´¦¯¤¦ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´, ¢´ ¸¦­­ ¢´
§°³¦´¦¦¢£­¦ ®ª´¶´¦ ¢¯¥ ¢£¶´¦.
PLT1-5 T©¦ £¦©¢·ª°¶³ °§ µ©¦ ±­¢µ§°³® ª´ ·¦³ªfi¦¥.
PLT1-6
O±¦³¢µª°¯¢­ ®°¯ªµ°³ª¯¨ ª´ ´¶ffi¤ª¦¯µ µ° ª¥¦¯µª§º ¢¯¥ ´¶±±°³µ µ©¦ ®ªµª¨¢µª°¯ °§ ¯¦¸
©¢»¢³¥´, ª¯¤­¶¥ª¯¨ ¦®¦³¨ª¯¨ ¤º£¦³ ´¦¤¶³ªµº µ©³¦¢µ´.
PLT2-1
I¯µ¦³¢¤µª¯¨ ªµ¦®´ µ©¢µ ¢ff¦¤µ µ©¦ ´¢§¦ °±¦³¢µª°¯ °§ µ©¦ ±­¢µ§°³® ¢³¦ ª¥¦¯µªfi¦¥ ¢¯¥
¶¯¥¦³´µ°°¥.
I¯µ¦³¢¤µª¯¨ Iµ¦®´PLT2-2 I¯µ¦³¢¤µª°¯´ ±³¦´¦³·¦ ±­¢µ§°³® ´¢§¦µº.
PLT2-3
U¯¢·¢ª­¢£ª­ªµº °³ ¶¯³¦­ª¢£ª­ªµº °§ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¥°¦´ ¯°µ ®¢¬¦ µ©¦ ±­¢µ§°³®
¶¯´¢§¦.
PLT3-1 S¢§¦µº-³¦­¢µ¦¥ ¥¦®¢¯¥´ °¯ ±¦°±­¦ ª¯µ¦³¢¤µª¯¨ ¸ªµ© µ©¦ ±­¢µ§°³® ¢³¦ ³¦¢´°¯¢£­¦.
P¦°±­¦
PLT3-2 S¶ªµ¢£­¦ ª¯µ¦³§¢¤¦´ ¢³¦ ±³°·ª¥¦¥ §°³ ±¦°±­¦ µ©¢µ ®¢º ª¯µ¦³¢¤µ ¸ªµ© µ©¦ ±­¢µ§°³®.
PLT3-3 A±±³°±³ª¢µ¦ µ³¢ª¯ª¯¨ ª´ ±³°·ª¥¦¥ §°³ ±­¢µ§°³® ¶´¦³´ ¢¯¥ ®¢ª¯µ¢ª¯¦³´.
PLT3-4 T©¦ ±­¢µ§°³® ª´ ¢±±³°±³ª¢µ¦­º ±³°µ¦¤µ¦¥ ¢¨¢ª¯´µ ©¢³® §³°® ¢¥·¦³´¢³ª¢­ ¢¤µ°³´.
PLT4-1
E­¦®¦¯µ´ °§ µ©¦ ¦¯·ª³°¯®¦¯µ ³¦­¦·¢¯µ µ° µ©¦ ´¢§¦ °±¦³¢µª°¯ °§ µ©¦ ±­¢µ§°³® ¢³¦
ª¥¦¯µªfi¦¥ ¢¯¥ ¶¯¥¦³´µ°°¥. E¯·ª³°¯®¦¯µ






























A±±¦¯¥ª¹ A C°®±¶µ¢µª°¯-L¦·¦­ F³¢®¦¸°³¬: J¶´µªfi¤¢µª°¯
T©ª´ ¢±±¦¯¥ª¹ ´¶®®¢³ª´¦´ µ©¦ ±³°¤¦´´ ¶´¦¥ µ° ¥¦·¦­°± µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ¢¥°±µ¦¥ £º µ©¦
SASWG. I¯ ¥°ª¯¨ ´°, ªµ ±³°·ª¥¦´ ´°®¦ «¶´µªfi¤¢µª°¯ §°³ µ©¦ ¤©°ª¤¦ °§ §³¢®¦¸°³¬. Iµ ¢­´° ±³°·ª¥¦´ ´°®¦
¤°¯fi¥¦¯¤¦ µ©¢µ µ©¦ §³¢®¦¸°³¬ ¤°·¦³´ ¢­­ ³¦­¦·¢¯µ µ°±ª¤ ¢³¦¢´.
I¯ªµª¢­­º, ¢ ´®¢­­-´¤¢­¦ ´¶³·¦º °§ ¦¹ª´µª¯¨ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬´ ¸¢´ ¤°¯¥¶¤µ¦¥. T©ª´ ª¥¦¯µªfi¦¥ µ©¦
ªµ¦®´ ­ª´µ¦¥ ª¯ T¢£­¦ 8.
T¢£­¦ 8: C°®±¶µ¢µª°¯-L¦·¦­ F³¢®¦¸°³¬´ C°¯´ª¥¦³¦¥
S¦¤µª°¯ F³¢®¦¸°³¬
A.1.1 M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´
A.1.2 T©¦ “F¢³ª¢ Sµ¢¤¬”
A.1.3 D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º ’́ “Vª¦¸±°ª¯µ´”
A.1.4 G°°¨­¦’́ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¶£³ª¤
A.1.5 Eµ©ª¤¢­ ¢¯¥ S¢§¦µº P³ª¯¤ª±­¦´
A.1.6 B¶³µ°¯’́ “M¢¬ª¯¨ µ©¦ C¢´¦” A³¨¶®¦¯µ
E¢¤© ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ª´ £³ª¦flº ´¶®®¢³ª´¦¥ (´¶£´¦¤µª°¯ A.1I ¢¯¥ ¢ ±³¦§¦³³¦¥ §³¢®¦¸°³¬ ª´
´¦­¦¤µ¦¥. A µ°±-­¦·¦­ ®¢±±ª¯¨ £¦µ¸¦¦¯ §³¢®¦¸°³¬´ ª´ ¤°®±­¦µ¦¥, µ° ¤°¯fi³® µ©¢µ µ©¦ ¤©°´¦¯ §³¢®¦¸°³¬
ª¯¤°³±°³¢µ¦´ ¢­­ ³¦­¦·¢¯µ ±¢³µ´ °§ µ©¦ °µ©¦³ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬´ (´¶£´¦¤µª°¯ A.2I. Sª®ª­¢³,
µ°±-­¦·¦­ ®¢±±ª¯¨´ §³°® µ©¦ ¤©°´¦¯ §³¢®¦¸°³¬ µ°, fi³´µ­º, ¢ µº±ª¤¢­ ´°§µ¸¢³¦ ¥¦·¦­°±®¦¯µ ¢±±³°¢¤© ¢¯¥,
´¦¤°¯¥­º, ¢ ¨¦¯¦³ª¤ ¢±±³°¢¤© µ° ML-£¢´¦¥ ¥¦·¦­°±®¦¯µ ¢³¦ ¤°¯¥¶¤µ¦¥; µ©¦´¦ ¥¦®°¯´µ³¢µ¦ µ©¦ §³¢®¦¸°³¬
±³°·ª¥¦´ ¢±±³°±³ª¢µ¦ ¤°·¦³¢¨¦ °§ µº±ª¤¢­ ¥¦·¦­°±®¦¯µ ¢¤µª·ªµª¦´ (´¶£´¦¤µª°¯ A.3I.
A.1 C°®±¶µ¢µª°¯-L¦·¦­ F³¢®¦¸°³¬´
A.1.1 M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´
T©ª´ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ª´ ¥¦´¤³ª£¦¥ ª¯ ¢ ±¢±¦³ ±³¦´¦¯µ¦¥ ¢µ µ©¦ 2017 SSS {8}. T©¦
±¢±¦³ ¤°¯´ª¥¦³´ µ©¦ “§°¶³ ±­¶´ °¯¦” ´°§µ¸¢³¦ ´¢§¦µº ¢´´¶³¢¯¤¦ ±³ª¯¤ª±­¦´ {42} §³°® µ©¦ ±¦³´±¦¤µª·¦ °§
¯°¯-µ³¢¥ªµª°¯¢­ (¦.¨., ML / AII ´°§µ¸¢³¦. A ´­ª¨©µ­º ³¦·ª´¦¥ ¢¯¥ ¦¹µ¦¯¥¦¥ ´¦µ °§ ´ª¹ (°³ “§°¶³ ±­¶´ µ¸°”I
±³ª¯¤ª±­¦´ ¢³¦ ±³°±°´¦¥:
• P³ª¯¤ª±­¦ O¯¦: S°§µ¸¢³¦ ´¢§¦µº ³¦²¶ª³¦®¦¯µ´ ´©¢­­ £¦ ¥¦fi¯¦¥ µ° ¢¥¥³¦´´ µ©¦ ´°§µ¸¢³¦ ¤°¯µ³ª£¶µª°¯ µ°
´º´µ¦® ©¢»¢³¥´;
• P³ª¯¤ª±­¦ T¸°-P³ª®¦¥: T©¦ ´°§µ¸¢³¦ ¥¦µ¢ª­¦¥ ¥¦´ª¨¯ ´©¢­­ ¦®£°¥º µ©¦ ª¯µ¦¯µ °§ µ©¦ ´°§µ¸¢³¦ ´¢§¦µº
³¦²¶ª³¦®¦¯µ´;
• P³ª¯¤ª±­¦ T©³¦¦: S°§µ¸¢³¦ ´¢§¦µº ³¦²¶ª³¦®¦¯µ´ ´©¢­­ £¦ ´¢µª´fi¦¥;
• P³ª¯¤ª±­¦ F°¶³: H¢»¢³¥°¶´ £¦©¢·ª°¶³ °§ µ©¦ ´°§µ¸¢³¦ ´©¢­­ £¦ ª¥¦¯µªfi¦¥ ¢¯¥ ®ªµª¨¢µ¦¥;
• P³ª¯¤ª±­¦ F°¶³ ±­¶´ O¯¦: T©¦ ¤°¯fi¥¦¯¤¦ ¦´µ¢£­ª´©¦¥ ª¯ ¢¥¥³¦´´ª¯¨ µ©¦ ´°§µ¸¢³¦ ´¢§¦µº ±³ª¯¤ª±­¦´ ´©¢­­






































• P³ª¯¤ª±­¦ F°¶³ ±­¶´ T¸°: S°§µ¸¢³¦ ³¦²¶ª³¦¥ µ° ±³°¥¶¤¦ £¦©¢·ª°¶³ ¯°µ ±³¦¥ª¤µ¢£­¦ ¢µ ¥¦´ª¨¯ µª®¦
´©°¶­¥ ¤°¯´ª¥¦³ µ©¦ ¤°¯´¦²¶¦¯¤¦ °§ £¦©¢·ª°¶³¢­ ¢¥¢±µ¢µª°¯´ °¯ ªµ´ ¦¯·ª³°¯®¦¯µ.
A.1.2 T©¦ “F¢³ª¢ Sµ¢¤¬”
T©ª´ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ª´ £¢´¦¥ °¯ µ©¦ ª¯§°³®¢µª°¯ ±³¦´¦¯µ¦¥ ª¯ ¢ ±¢±¦³ ¢µ µ©¦ I¯µ¦³¯¢µª°¯¢­
Sº®±°´ª¶® °¯ S°§µ¸¢³¦ R¦­ª¢£ª­ªµº E¯¨ª¯¦¦³ª¯¨ (ISSREI W°³¬´©°± °¯ S°§µ¸¢³¦ C¦³µªfi¤¢µª°¯ (W°S°C¦³I {30}.
T©ª´ §³¢®¦¸°³¬ ¤°®±³ª´¦´ fi·¦ ±³°«¦¤µª°¯´:
• E¹±¦³ª¦¯¤¦, ¸©ª¤© ª´ §°¤¶´¦¥ °¯ µ©¦ ¥¢µ¢ µ©¢µ ª´ ¢·¢ª­¢£­¦ µ° µ³¢ª¯ ¢ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨ ¢­¨°³ªµ©®;
• T¢´¬, ¸©ª¤© ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© µ©¦ ±¦³§°³®¢¯¤¦ °§ µ©¦ ª®±­¦®¦¯µ¦¥ ¤°®±¶µ¢µª°¯;
• A­¨°³ªµ©®, ¸©ª¤© ¤°¯´ª¥¦³´ µ©¦ µº±¦ °§ ¢­¨°³ªµ©® (¦.¨., ¯¦¶³¢­ ¯¦µ¸°³¬, ³¢¯¥°® §°³¦´µ, ¦µ¤.I;
• S°§µ¸¢³¦, ¸©ª¤© ª¯¤­¶¥¦´ ¤°¯´ª¥¦³¢µª°¯´ ´¶¤© ¢´ µ©¦ ­¢¯¨¶¢¨¦ ª¯ ¸©ª¤© µ©¦ ¤°®±¶µ¢µª°¯ ª´
ª®±­¦®¦¯µ¦¥;
• H¢³¥¸¢³¦, ¸©ª¤© ³¦­¢µ¦´ µ° µ©¦ ¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ µ©¢µ ª´ ¶´¦¥.
W©¦¯ ¶´ª¯¨ µ©ª´ §³¢®¦¸°³¬ ªµ ®¢º £¦ ©¦­±§¶­ µ° ¤°¯´ª¥¦³, ¢µ ­¦¢´µ, µ©¦ S°§µ¸¢³¦ ¢¯¥ H¢³¥¸¢³¦ ±³°«¦¤µª°¯´
§³°® µ¸° ±¦³´±¦¤µª·¦´, ´±¦¤ªfi¤¢­­º µ³¢ª¯ª¯¨ ¢¯¥ °±¦³¢µª°¯¢­ ¶´¦. F°³ ¦¹¢®±­¦, ªµ ª´ ­ª¬¦­º µ©¢µ µ©¦
¤°®±¶µ¢µª°¯¢­ ©¢³¥¸¢³¦ ¶´¦¥ §°³ µ³¢ª¯ª¯¨ ¸ª­­ £¦ ¥ªff¦³¦¯µ µ° µ©¢µ ¶´¦¥ ¥¶³ª¯¨ ¢¯ °±¦³¢µª°¯¢­ ¥¦±­°º®¦¯µ.
A.1.3 D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º’́ “Vª¦¸±°ª¯µ´”
T©ª´ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ¸¢´ ±³¦´¦¯µ¦¥ ¢µ µ©¦ 2018 SSS {26}. B¶ª­¥ª¯¨ °¯ µ©¦ ¤°¯¤¦±µ °§ ¥ª´µª¯¤µ
·ª¦¸±°ª¯µ´ ¶´¦¥ ª¯ ´º´µ¦®´ ¦¯¨ª¯¦¦³ª¯¨, µ©ª´ ±¢±¦³ ª¥¦¯µªfi¦´ ´ª¹ ·ª¦¸±°ª¯µ´. A­µ©°¶¨© µ©¦º ¸¦³¦ ¥¦·¦­°±¦¥
§³°® µ©¦ ±¦³´±¦¤µª·¦ °§ B¢º¦´ª¢¯ N¦µ¸°³¬´, µ©¦ ±¢±¦³ ´¶¨¨¦´µ´ µ©¦ ·ª¦¸±°ª¯µ´ ¢³¦ ¢±±­ª¤¢£­¦ µ°®¢¯º µº±¦´
°§ ¢³µªfi¤ª¢­ ª¯µ¦­­ª¨¦¯¤¦ ´°§µ¸¢³¦. T©¦ ·ª¦¸±°ª¯µ´ ¢³¦:
• M°¥¦­, ¸©ª¤© ³¦­¢µ¦´ µ° µ©¦ ´µ³¶¤µ¶³¦ ¢¯¥ ±¢³¢®¦µ³ª´¢µª°¯ °§ µ©¦ ®°¥¦­ ¶¯¥¦³­ºª¯¨ µ©¦ ­¦¢³¯µ
¢­¨°³ªµ©®;
• D¢µ¢, ¸©ª¤© ¤°·¦³´ ¢­­ ¥¢µ¢ ¢¤²¶ª´ªµª°¯, ±³°¤¦´´ª¯¨ ¢¯¥ ´µ°³¢¨¦ ¤°¯¤¦³¯´ (ª¯¤­¶¥ª¯¨ ¬¯°¸­¦¥¨¦
¦¯¨ª¯¦¦³ª¯¨ ¢¯¥ ¦¹±¦³µ ¦­ª¤ªµ¢µª°¯I;
• C°®±¶µ¢µª°¯¢­, ¸©ª¤© ª¯¤­¶¥¦´ µ©¦ ±³°±¦³µª¦´ °§ ¢­­ ¢­¨°³ªµ©®´ ¶´¦¥ §°³ ­¦¢³¯ª¯¨ ¢¯¥ ³¦¢´°¯ª¯¨ µ¢´¬´
¸ªµ©ª¯ µ©¦ ´º´µ¦®, µ©¦ª³ ´¦­¦¤µª°¯ ±³°¤¦´´, ¢¯¥ µ©¦ ¢´´°¤ª¢µ¦¥ ¢´´¶®±µª°¯´ ¢¯¥ ¥¦´ª¨¯ ¥¦¤ª´ª°¯´;
• O±¦³¢µª°¯¢­, ¸©ª¤© §°¤¶´¦´ °¯ µ©¦ ¦·°­¶µª°¯ ¢¯¥ ®¢ª¯µ¦¯¢¯¤¦ °§ µ©¦ ´º´µ¦® ¢§µ¦³ ¥¦±­°º®¦¯µ;
• T¦¤©¯°­°¨º, ¸©ª¤© ¤°·¦³´ µ©¦ ¯¦¤¦´´ªµº, ±³°±¦³µª¦´, ¤°¯´µ³¢ª¯µ´ ¢¯¥ ¢´´¶®±µª°¯´ °§ ®°¥¦­­ª¯¨
§³¢®¦¸°³¬´ ¶´¦¥ ª¯ µ©¦ ´º´µ¦®;
• I®±­¦®¦¯µ¢µª°¯, ¸©ª¤© ¢¥¥³¦´´¦´ ¢­­ “¤°¯·¦¯µª°¯¢­” ´°§µ¸¢³¦ ¢¯¥ ©¢³¥¸¢³¦ ¦¯¨ª¯¦¦³ª¯¨ ¤°¯¤¦³¯´,
ª¯¤­¶¥ª¯¨ “¯°³®¢­” §¶¯¤µª°¯ ¢­­°¤¢µª°¯, ³¦²¶ª³¦®¦¯µ´ ¢¯¥ ¢´´°¤ª¢µ¦¥ ·¦³ªfi¤¢µª°¯ ¢¯¥ ·¢­ª¥¢µª°¯
¢¤µª·ªµª¦´.
A´ ¸ªµ© µ©¦ “F¢³ª¢ Sµ¢¤¬” ¤°¯´ª¥¦³¦¥ ¢£°·¦, µ©¦³¦ ®¢º £¦ ¢¥·¢¯µ¢¨¦´ ª¯ ¤°¯´ª¥¦³ª¯¨ ´°®¦ °§ µ©¦ ¢£°·¦




































A.1.4 G°°¨­¦’́ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¶£³ª¤
T©ª´ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ {13} ª¯¤­¶¥¦´ ¢ ´¤°³ª¯¨ ®¦¤©¢¯ª´® µ©¢µ ª´ ª¯µ¦¯¥¦¥ µ° ®¦¢´¶³¦ ©°¸
´¶ªµ¢£­¦ ¢ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨ ¢±±³°¢¤© ª´ §°³ ¥¦±­°º®¦¯µ. Iµ ª´ £¢´¦¥ °¯ ¤°®±¶µ¢µª°¯´ ¶´¦¥ ª¯ ¢ ¸¦£-­ª¬¦
¦¯·ª³°¯®¦¯µ, £¶µ ®¢º £¦ °§ ³¦­¦·¢¯¤¦ µ° ¸ª¥¦³ ¢¶µ°¯°®°¶´ ´º´µ¦®´.
T©¦ §³¢®¦¸°³¬ ª¯¤­¶¥¦´ §°¶³ ¤¢µ¦¨°³ª¦´, ¦¢¤© °§ ¸©ª¤© ª¯¤­¶¥¦´ ´¦·¦³¢­ ¤°¯´ª¥¦³¢µª°¯´:
• T¦´µ´ §°³ F¦¢µ¶³¦´ ¢¯¥ D¢µ¢:
– T¦´µ µ©¢µ µ©¦ ¥ª´µ³ª£¶µª°¯´ °§ ¦¢¤© §¦¢µ¶³¦ ®¢µ¤© º°¶³ ¦¹±¦¤µ¢µª°¯´;
– T¦´µ µ©¦ ³¦­¢µª°¯´©ª± £¦µ¸¦¦¯ ¦¢¤© §¦¢µ¶³¦ ¢¯¥ µ©¦ µ¢³¨¦µ, ¢¯¥ µ©¦ ±¢ª³¸ª´¦ ¤°³³¦­¢µª°¯´
£¦µ¸¦¦¯ ª¯¥ª·ª¥¶¢­ ´ª¨¯¢­´;
– T¦´µ µ©¦ ¤°´µ °§ ¦¢¤© §¦¢µ¶³¦;
– T¦´µ µ©¢µ ¢ ®°¥¦­ ¥°¦´ ¯°µ ¤°¯µ¢ª¯ ¢¯º §¦¢µ¶³¦´ µ©¢µ ©¢·¦ £¦¦¯ ®¢¯¶¢­­º ¥¦µ¦³®ª¯¦¥ ¢´
¶¯´¶ªµ¢£­¦ §°³ ¶´¦;
– T¦´µ µ©¢µ º°¶³ ´º´µ¦® ®¢ª¯µ¢ª¯´ ±³ª·¢¤º ¤°¯µ³°­´ ¢¤³°´´ ªµ´ ¦¯µª³¦ ¥¢µ¢ ±ª±¦­ª¯¦;
– T¦´µ µ©¦ ¤¢­¦¯¥¢³ µª®¦ ¯¦¦¥¦¥ µ° ¥¦·¦­°± ¢¯¥ ¢¥¥ ¢ ¯¦¸ §¦¢µ¶³¦ µ° µ©¦ ±³°¥¶¤µª°¯ ®°¥¦­;
– T¦´µ ¢­­ ¤°¥¦ µ©¢µ ¤³¦¢µ¦´ ª¯±¶µ §¦¢µ¶³¦´, £°µ© ª¯ µ³¢ª¯ª¯¨ ¢¯¥ ´¦³·ª¯¨.
• T¦´µ´ §°³ M°¥¦­ D¦·¦­°±®¦¯µ:
– T¦´µ µ©¢µ ¦·¦³º ®°¥¦­ ´±¦¤ªfi¤¢µª°¯ ¶¯¥¦³¨°¦´ ¢ ¤°¥¦ ³¦·ª¦¸ ¢¯¥ ª´ ¤©¦¤¬¦¥ ª¯ µ° ¢ ³¦±°´ªµ°³º;
– T¦´µ µ©¦ ³¦­¢µª°¯´©ª± £¦µ¸¦¦¯ °fflª¯¦ ±³°¹º ®¦µ³ª¤´ ¢¯¥ µ©¦ ¢¤µ¶¢­ ª®±¢¤µ ®¦µ³ª¤´;
– T¦´µ µ©¦ ª®±¢¤µ °§ ¦¢¤© µ¶¯¢£­¦ ©º±¦³-±¢³¢®¦µ¦³;
– T¦´µ µ©¦ ¦ff¦¤µ °§ ®°¥¦­ ´µ¢­¦¯¦´´;
– T¦´µ ¢¨¢ª¯´µ ¢ ´ª®±­¦³ ®°¥¦­ ¢´ ¢ £¢´¦­ª¯¦;
– T¦´µ ®°¥¦­ ²¶¢­ªµº °¯ ª®±°³µ¢¯µ ¥¢µ¢ ´­ª¤¦´;
– T¦´µ µ©¦ ®°¥¦­ §°³ ª®±­ª¤ªµ £ª¢´.
• T¦´µ´ §°³ ML I¯§³¢´µ³¶¤µ¶³¦:
– T¦´µ µ©¦ ³¦±³°¥¶¤ª£ª­ªµº °§ µ³¢ª¯ª¯¨;
– U¯ªµ µ¦´µ ®°¥¦­ ´±¦¤ªfi¤¢µª°¯ ¤°¥¦;
– I¯µ¦¨³¢µª°¯ µ¦´µ µ©¦ §¶­­ ML ±ª±¦­ª¯¦;
– T¦´µ ®°¥¦­ ²¶¢­ªµº £¦§°³¦ ¢µµ¦®±µª¯¨ µ° ´¦³·¦ ªµ;
– T¦´µ µ©¢µ ¢ ´ª¯¨­¦ ¦¹¢®±­¦ °³ µ³¢ª¯ª¯¨ £¢µ¤© ¤¢¯ £¦ ´¦¯µ µ° µ©¦ ®°¥¦­, ¢¯¥ ¤©¢¯¨¦´ µ° ª¯µ¦³¯¢­
´µ¢µ¦ ¤¢¯ £¦ °£´¦³·¦¥ §³°® µ³¢ª¯ª¯¨ µ©³°¶¨© µ° ±³¦¥ª¤µª°¯;
– T¦´µ ®°¥¦­´ ·ª¢ ¢ ¤¢¯¢³º ±³°¤¦´´ £¦§°³¦ µ©¦º ¦¯µ¦³ ±³°¥¶¤µª°¯ ´¦³·ª¯¨ ¦¯·ª³°¯®¦¯µ´;
– T¦´µ ©°¸ ²¶ª¤¬­º ¢¯¥ ´¢§¦­º ¢ ®°¥¦­ ¤¢¯ £¦ ³°­­¦¥ £¢¤¬ µ° ¢ ±³¦·ª°¶´ ´¦³·ª¯¨ ·¦³´ª°¯.
• M°¯ªµ°³ª¯¨ T¦´µ´ §°³ ML:
– T¦´µ §°³ ¶±´µ³¦¢® ª¯´µ¢£ª­ªµº ª¯ §¦¢µ¶³¦´, £°µ© ª¯ µ³¢ª¯ª¯¨ ¢¯¥ ´¦³·ª¯¨;
– T¦´µ µ©¢µ ¥¢µ¢ ª¯·¢³ª¢¯µ´ ©°­¥ ª¯ µ³¢ª¯ª¯¨ ¢¯¥ ´¦³·ª¯¨ ª¯±¶µ´;
– T¦´µ µ©¢µ º°¶³ µ³¢ª¯ª¯¨ ¢¯¥ ´¦³·ª¯¨ §¦¢µ¶³¦´ ¤°®±¶µ¦ µ©¦ ´¢®¦ ·¢­¶¦´;





































– T¦´µ §°³ N°µ ¢ N¶®£¦³ (N¢NI °³ ª¯fi¯ªµª¦´ ¢±±¦¢³ª¯¨ ª¯ º°¶³ ®°¥¦­ ¥¶³ª¯¨ µ³¢ª¯ª¯¨ °³ ´¦³·ª¯¨;
– T¦´µ §°³ ¥³¢®¢µª¤ °³ ´­°¸-­¦¢¬ ³¦¨³¦´´ª°¯´ ª¯ µ³¢ª¯ª¯¨ ´±¦¦¥, ´¦³·ª¯¨ ­¢µ¦¯¤º, µ©³°¶¨©±¶µ, °³
R¢¯¥°® A¤¤¦´´ M¦®°³º (RAMI ¶´¢¨¦;
– T¦´µ §°³ ³¦¨³¦´´ª°¯´ ª¯ ±³¦¥ª¤µª°¯ ²¶¢­ªµº °¯ ´¦³·¦¥ ¥¢µ¢.
F°³ ¦¢¤© ªµ¦® ¢£°·¦, °¯¦ ±°ª¯µ ª´ ¢¸¢³¥¦¥ §°³ ®¢¯¶¢­ µ¦´µ´ (ª¯¤­¶¥ª¯¨ ¥°¤¶®¦¯µª¯¨ ¢¯¥ ¥ª´µ³ª£¶µª¯¨ µ©¦
³¦´¶­µ´I. A ´¦¤°¯¥ ±°ª¯µ ª´ ¢¸¢³¥¦¥ ª§ µ¦´µ´ ¢³¦ ³¶¯ ¢¶µ°®¢µª¤¢­­º ¢¯¥ ³¦±¦¢µ¦¥­º. A ´¤°³¦ ª´ ¤¢­¤¶­¢µ¦¥ §°³
¦¢¤© °§ µ©¦ §°¶³ ¤¢µ¦¨°³ª¦´ £º ¢¥¥ª¯¨ µ©¦ ´¤°³¦´ §°³ ¦¢¤© °§ µ©¦ ­ª´µ¦¥ ªµ¦®´. T©¦ °·¦³¢­­ ´¤°³¦ ª´ µ©¦¯ µ©¦
®ª¯ª®¶® °§ µ©¦´¦ §°¶³ ¤¢µ¦¨°³º ´¤°³¦´.
A.1.5 Eµ©ª¤¢­ ¢¯¥ S¢§¦µº P³ª¯¤ª±­¦´
T©ª´ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ª¥¦¯µªfi¦´ ¢ ±¦³´±¦¤µª·¦ °¯ µ©¦ ¦µ©ª¤´ ¨°·¦³¯ª¯¨ ¥¦¤ª´ª°¯´ ¢³°¶¯¥
´¢§¦µº-¤³ªµª¤¢­ ¢¶µ°¯°®°¶´ ´º´µ¦®´ {58}. Iµ ¢­ª¨¯´ ¸ªµ© µ©¦ M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´
(¥ª´¤¶´´¦¥ ¢£°·¦I ¢¯¥ ª´ ¢±±­ª¤¢£­¦ µ° ¦µ©ª¤´ °¯­º ´° §¢³ ¢´ µ©¦´¦ ¢ff¦¤µ ´¢§¦µº.
• P³ª¯¤ª±­¦ O¯¦: Eµ©ª¤´ ³¦²¶ª³¦®¦¯µ´ ¨°·¦³¯ª¯¨ µ©¦ ¢¶µ°¯°®°¶´ ´º´µ¦® £¦©¢·ª°¶³ ´©¢­­ £¦ ¥¦fi¯¦¥.
• P³ª¯¤ª±­¦ T¸°: T©¦ ª¯µ¦¯µ °§ µ©¦ ¦µ©ª¤´ ³¦²¶ª³¦®¦¯µ´ ´©¢­­ £¦ ®¢ª¯µ¢ª¯¦¥ µ©³°¶¨©°¶µ ¥¦¤°®±°´ªµª°¯.
• P³ª¯¤ª±­¦ T©³¦¦: Eµ©ª¤´ ³¦²¶ª³¦®¦¯µ´ ´©¢­­ £¦ ´¢µª´fi¦¥.
• P³ª¯¤ª±­¦ F°¶³: T©¦ ¢¶µ°¯°®°¶´ ´º´µ¦® ´©¢­­ ¤°¯µª¯¶¦ µ° £¦ ´¢§¦, ¢¯¥ ¦®¦³¨¦¯µ £¦©¢·ª°¶³ °§ µ©¦
¢¶µ°¯°®°¶´ ´º´µ¦® ¸©ª¤© ¤°¯flª¤µ´ ¸ªµ© µ©¦ ¦µ©ª¤´ ³¦²¶ª³¦®¦¯µ´ ´©¢­­ £¦ ª¥¦¯µªfi¦¥ ¢¯¥ ®ªµª¨¢µ¦¥
• P³ª¯¤ª±­¦ F°¶³ ±­¶´ O¯¦: T©¦ ¥¦¨³¦¦ °§ ³ª¨°¶³ ³¦²¶ª³¦¥ µ° ¢¥¥³¦´´ µ©¦´¦ ¦µ©ª¤¢­ ±³ª¯¤ª±­¦´ ´©¢­­ £¦
¤°®®¦¯´¶³¢µ¦ ¸ªµ© µ©¦ ¤°¯µ³ª£¶µª°¯ °§ µ©¦ ¢¶µ°¯°®°¶´ ´º´µ¦® µ° ´º´µ¦® ³ª´¬.
A.1.6 B¶³µ°¯’́ “M¢¬ª¯¨ µ©¦ C¢´¦” A³¨¶®¦¯µ
T©ª´ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ¤°®¦´ §³°® ¢ ±¢±¦³ ±³¦´¦¯µ¦¥ ¢µ µ©¦ 2017 I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦
°¯ C°®±¶µ¦³ S¢§¦µº, R¦­ª¢£ª­ªµº, ¢¯¥ S¦¤¶³ªµº {14}. T©¦ ±¢±¦³ °¶µ­ª¯¦´ ¢¯ ¢´´¶³¢¯¤¦ ¤¢´¦ ´µ³¶¤µ¶³¦ §°³ ¢
©ª¨©­º ¢¶µ°®¢µ¦¥ ¥³ª·ª¯¨ ´º´µ¦®, ¸©ª¤© ¤°¶­¥ ±°´´ª£­º £¦ ¦¹µ¦¯¥¦¥ µ° ¤°·¦³ ¢ ¸ª¥¦ ³¢¯¨¦ °§ ¢¶µ°¯°®°¶´
´º´µ¦®´. A G°¢­ Sµ³¶¤µ¶³ª¯¨ N°µ¢µª°¯ (GSNI ¢±±³°¢¤© ª´ ¶´¦¥; ¬¦º §¦¢µ¶³¦´ ª¯¤­¶¥¦:
• GOAL G1: T©¦ ³¦´ª¥¶¢­ ³ª´¬ ¢´´°¤ª¢µ¦¥ ¸ªµ© §¶¯¤µª°¯¢­ ª¯´¶ffi¤ª¦¯¤¦´ ª¯ µ©¦ °£«¦¤µ ¥¦µ¦¤µª°¯ §¶¯¤µª°¯
ª´ ¢¤¤¦±µ¢£­¦;
• CONTEXT C1: D¦fi¯ªµª°¯ °§ §¶¯¤µª°¯¢­ ¢¯¥ ±¦³§°³®¢¯¤¦ ³¦²¶ª³¦®¦¯µ´ °¯ µ©¦ °£«¦¤µ ¥¦µ¦¤µª°¯
§¶¯¤µª°¯;
• ASSUMPTION A1: A´´¶®±µª°¯´ °¯ µ©¦ °±¦³¢µª°¯¢­ ±³°fi­¦ °§ µ©¦ ´º´µ¦®’́ ¦¯·ª³°¯®¦¯µ;
• ASSUMPTION A2: A´´¶®±µª°¯´ °¯ ¢µµ³ª£¶µ¦´ °§ ª¯±¶µ´ µ° µ©¦ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨ §¶¯¤µª°¯;
• ASSUMPTION A3: A´´¶®±µª°¯´ °¯ µ©¦ ±¦³§°³®¢¯¤¦ ±°µ¦¯µª¢­ °§ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨;
• STRATEGY S1: A³¨¶®¦¯µ °·¦³ ¤¢¶´¦´ °§ §¶¯¤µª°¯¢­ ª¯´¶ffi¤ª¦¯¤ª¦´ ª¯ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨;





































• SUBGOAL G3: T©¦ §¶¯¤µª°¯ ª´ ³°£¶´µ ¢¨¢ª¯´µ ¥ª´µ³ª£¶µª°¯¢­ ´©ª§µ ª¯ µ©¦ ¦¯·ª³°¯®¦¯µ;
• SUBGOAL G4: T©¦ §¶¯¤µª°¯ ¦¹©ª£ªµ´ ¢ ¶¯ª§°³® £¦©¢·ª°¶³ °·¦³ ¤³ªµª¤¢­ ¤­¢´´¦´ °§ ´ªµ¶¢µª°¯´;
• SUBGOAL G5: T©¦ §¶¯¤µª°¯ ª´ ³°£¶´µ ¢¨¢ª¯´µ ¥ªff¦³¦¯¤¦´ £¦µ¸¦¦¯ ªµ´ µ³¢ª¯ª¯¨ ¢¯¥ ¦¹¦¤¶µª°¯ ±­¢µ§°³®´;
• SUBGOAL G6: T©¦ §¶¯¤µª°¯ ª´ ³°£¶´µ ¢¨¢ª¯´µ ¤©¢¯¨¦´ ª¯ ªµ´ ´º´µ¦® ¤°¯µ¦¹µ.
A.2 F³¢®¦¸°³¬ M¢±±ª¯¨´
F°­­°¸ª¯¨ ¥ª´¤¶´´ª°¯´4, µ©¦ SASWG ´¦­¦¤µ¦¥ µ©¦ “F¢³ª¢ Sµ¢¤¬” ¢´ µ©¦ £¢´ª´ §°³ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­
§³¢®¦¸°³¬. T©¦ §°­­°¸ª¯¨ ±¢³¢¨³¢±©´ £³ª¦flº ¥ª´¤¶´´ ¦¢¤© ±³°«¦¤µª°¯ °§ µ©¦ “F¢³ª¢ Sµ¢¤¬”, µ¢¬ª¯¨ ª¯µ° ¢¤¤°¶¯µ
µ©¦ °µ©¦³ §³¢®¦¸°³¬´ °¶µ­ª¯¦¥ ª¯ µ©¦ ±³¦¤¦¥ª¯¨ ´¶£´¦¤µª°¯. Wªµ©ª¯ µ©¦´¦ ¥ª´¤¶´´ª°¯´:
• F°³ ³¦¢´°¯´ °§ £³¦·ªµº, °¯­º µ©¦ µ°±-­¦·¦­ °§ G°°¨­¦’́ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¶£³ª¤ ª´ ¤°¯´ª¥¦³¦¥.
• D¶¦ µ° µ©¦ª³ ´ª®ª­¢³ªµº µ° µ©¦ M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´, µ©¦ Eµ©ª¤¢­ ¢¯¥ S¢§¦µº
±³ª¯¤ª±­¦´ ¢³¦ ¯°µ ¦¹±­ª¤ªµ­º ¤°¯´ª¥¦³¦¥.
• F°³ ´ª®±­ª¤ªµº, °¯­º µ©¦ ¨°¢­´ ¢¯¥ ´¶£¨°¢­´ ¢³¦ ¤°¯´ª¥¦³¦¥ §³°® B¶³µ°¯’́ “M¢¬ª¯¨ µ©¦ C¢´¦” A³¨¶®¦¯µ.
T©¦ ¥ª´¤¶´´ª°¯´ ¢­´° ª¯¤­¶¥¦ ¢ “N°µ A¥¥³¦´´¦¥” ±´¦¶¥°-±³°«¦¤µª°¯, ¸©ª¤© ¤¢±µ¶³¦´ ¤°¯´ª¥¦³¢µª°¯´ µ©¢µ
¥° ¯°µ ³¦¢¥ª­º ³¦­¢µ¦ µ° ¢¯º °§ µ©¦ ±³°«¦¤µª°¯´. Bº ¤©¦¤¬ª¯¨ µ©¦ ¤°¯µ¦¯µ´ °§ µ©ª´ ±´¦¶¥°-±³°«¦¤µª°¯, ¢¯¥
¤°¯fi³®ª¯¨ µ©¢µ ªµ ¤°¯µ¢ª¯´ ¯°µ©ª¯¨ ´ª¨¯ªfi¤¢¯µ, ¤°¯fi¥¦¯¤¦ ¤¢¯ £¦ ¨¢ª¯¦¥ µ©¢µ µ©¦ ¢¥°±µ¦¥ §³¢®¦¸°³¬
¤°·¦³´ ¢­­ ³¦­¦·¢¯µ µ°±ª¤´.
A.2.1 E¹±¦³ª¦¯¤¦
C°¯´ª¥¦³¢µª°¯ °§ µ©¦ ¥¢µ¢ ¶´¦¥ µ° ¥¦·¦­°± µ©¦ ¢­¨°³ªµ©® ¥ª³¦¤µ­º ³¦­¢µ¦´ µ° D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º ’́ D¢µ¢
·ª¦¸±°ª¯µ, ¢¯¥ ¢­´° µ° µ©¦ T¦´µ´ §°³ F¦¢µ¶³¦´ ¢¯¥ D¢µ¢ ¤¢µ¦¨°³º §³°® G°°¨­¦’́ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¶£³ª¤.
T©¦ ¸¢º µ©¦ ¥¢µ¢ ³¦fl¦¤µ´ µ©¦ °±¦³¢µª¯¨ ¤°¯µ¦¹µ ¥ª³¦¤µ­º ³¦­¢µ¦´ µ° S¶£¨°¢­ G2 §³°® B¶³µ°¯’́ “M¢¬ª¯¨ µ©¦
C¢´¦” A³¨¶®¦¯µ.
A.2.2 T¢´¬
U¯¥¦³´µ¢¯¥ª¯¨ µ©¦ µ¢´¬ ´©°¶­¥ ¢­´° ª¯¤­¶¥¦ ¶¯¥¦³´µ¢¯¥ª¯¨ µ©¦ ¸¢º ªµ ¤°¯µ³ª£¶µ¦´ µ° µ©¦ ¸ª¥¦³ ´º´µ¦® ¢¯¥,
¢­´°, ¢¯º ¢´´°¤ª¢µ¦¥ ¤°®±¶µ¢µª°¯ (°³ ´°§µ¸¢³¦I ´¢§¦µº ³¦²¶ª³¦®¦¯µ´. T©ª´ ¤°¯´ª¥¦³¢µª°¯ ³¦­¢µ¦´ µ° P³ª¯¤ª±­¦
O¯¦ °§ µ©¦ M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´.
P¦³§°³®¢¯¤¦ ®¦¢´¶³¦®¦¯µ ¢¨¢ª¯´µ µ©¦ ª¯µ¦¯¥¦¥ µ¢´¬ °¶¨©µ µ° ª¯¤­¶¥¦ ¦¹±­ª¤ªµ ®¦¢´¶³¦´ ¢¨¢ª¯´µ
³¦²¶ª³¦®¦¯µ´ (ª¯¤­¶¥ª¯¨ ´¢§¦µº ³¦²¶ª³¦®¦¯µ´I. Iµ ¢­´° °¶¨©µ µ° ¤°¯´ª¥¦³ ¸©¦µ©¦³ µ©¦ ¤°®±¶µ¢µª°¯ ©¢´
ª¯µ³°¥¶¤¦¥ ¢¯º ¯¦¸ ©¢»¢³¥´. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ³¦­¢µ¦ µ° P³ª¯¤ª±­¦´ T©³¦¦ ¢¯¥ F°¶³ °§ µ©¦ M°¥ªfi¦¥
S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´. T©¦º ¢­´° ³¦­¢µ¦ µ° G°¢­ G1 §³°® B¶³µ°¯’́ “M¢¬ª¯¨ µ©¦ C¢´¦”
A³¨¶®¦¯µ.
M°³¦ ¨¦¯¦³¢­­º, ±¦³§°³®¢¯¤¦ ®¢¯¢¨¦®¦¯µ ³¦­¢µ¦´ µ° µ©¦ T¦´µ´ §°³ M°¥¦­ D¦·¦­°±®¦¯µ ¤¢µ¦¨°³º §³°®
G°°¨­¦’́ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¶£³ª¤.





































T©¦ ±³°±¦³µª¦´ °§ µ©¦ °±¦³¢µª°¯¢­­º-fi¦­¥¦¥ ¤°®±¶µ¢µª°¯ ³¦­¢µ¦ µ° D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º ’́ C°®±¶µ¢µª°¯¢­
·ª¦¸±°ª¯µ.
A.2.3 A­¨°³ªµ©®
T©¦ ­ª¯¬ £¦µ¸¦¦¯ ¤©°ª¤¦ °§ ¢­¨°³ªµ©® ¢¯¥ ª¯µ¦¯¥¦¥ µ¢´¬ ®ª³³°³´ µ©¦ ­ª¯¬ £¦µ¸¦¦¯ ³¦²¶ª³¦®¦¯µ´ (ª¯¤­¶¥ª¯¨
´¢§¦µº ³¦²¶ª³¦®¦¯µ´I ¢¯¥ ¥¦µ¢ª­¦¥ ¥¦´ª¨¯. T©ª´ ³¦­¢µ¦´ µ° P³ª¯¤ª±­¦ T¸°-P³ª®¦¥ °§ µ©¦ M°¥ªfi¦¥ S°§µ¸¢³¦
S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´.
P¢³µ °§ ¤©°°´ª¯¨ ¢ ´±¦¤ªfi¤ ¢­¨°³ªµ©® ¢­´° ª¯¤­¶¥¦´ ¤©°°´ª¯¨ ©º±¦³-±¢³¢®¦µ¦³´ (¦.¨., ¯¶®£¦³ °§ ¯°¥¦´
¢¯¥ ­¢º¦³´ ª¯ ¢ ¯¦¶³¢­ ¯¦µ¸°³¬I. T©ª´ ³¦­¢µ¦´ µ° D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º ’́ M°¥¦­ ·ª¦¸±°ª¯µ. M°³¦ ¨¦¯¦³¢­
¢­¨°³ªµ©®-³¦­¢µ¦¥ ¤©°ª¤¦´ ³¦­¢µ¦ µ° D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º ’́ C°®±¶µ¢µª°¯¢­ ·ª¦¸±°ª¯µ.
A.2.4 S°§µ¸¢³¦
T©¦ ¤©°ª¤¦ °§ ´°§µ¸¢³¦ (§°³ £°µ© ¥¦·¦­°±®¦¯µ ¢¯¥ °±¦³¢µª°¯¢­ ¶´¦I ª´ ±¢³µ °§ ¥¦µ¢ª­¦¥ ¥¦´ª¨¯. T©ª´ ³¦­¢µ¦´
µ° P³ª¯¤ª±­¦ T¸°-P³ª®¦¥ °§ µ©¦ M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´. Iµ ¢­´° ³¦­¢µ¦´ µ° D°¶µ©¸¢ªµ¦
¢¯¥ K¦­­º ’́ T¦¤©¯°­°¨º ¢¯¥ I®±­¦®¦¯µ¢µª°¯ ·ª¦¸±°ª¯µ´, ¢¯¥ ¢­´° µ° µ©¦ T¦´µ´ §°³ ML I¯§³¢´µ³¶¤µ¶³¦ ¤¢µ¦¨°³º
§³°® G°°¨­¦’́ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¶£³ª¤.
A.2.5 H¢³¥¸¢³¦
T©¦ ¤©°ª¤¦ °§ ©¢³¥¸¢³¦ (§°³ £°µ© ¥¦·¦­°±®¦¯µ ¢¯¥ °±¦³¢µª°¯¢­ ¶´¦I ª´ ±¢³µ °§ ¥¦µ¢ª­¦¥ ¥¦´ª¨¯. T©ª´ ³¦­¢µ¦´
µ° P³ª¯¤ª±­¦ T¸°-P³ª®¦¥ °§ µ©¦ M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´, µ° D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º ’́
I®±­¦®¦¯µ¢µª°¯ ·ª¦¸±°ª¯µ, ¢¯¥ ¢­´° µ° µ©¦ T¦´µ´ §°³ ML I¯§³¢´µ³¶¤µ¶³¦ ¤¢µ¦¨°³º §³°® G°°¨­¦’́ M¢¤©ª¯¦
L¦¢³¯ª¯¨ R¶£³ª¤.
T©¦ ±°´´ª£ª­ªµº °§ ¥ªff¦³¦¯µ £¦©¢·ª°¶³ °¯ ¥¦·¦­°±®¦¯µ (µ³¢ª¯ª¯¨I ¢¯¥ °±¦³¢µª°¯¢­ (¦¹¦¤¶µª°¯I ±­¢µ§°³®´
³¦­¢µ¦´ µ° S¶£¨°¢­ G5 §³°® B¶³µ°¯’́ “M¢¬ª¯¨ µ©¦ C¢´¦” A³¨¶®¦¯µ.
A.2.6 N°µ A¥¥³¦´´¦¥
T©¦ ¤©°´¦¯ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ¥°¦´ ¯°µ ³¦¢¥ª­º ¢¥¥³¦´´ P³ª¯¤ª±­¦ F°¶³ ±­¶´ O¯¦ °§ µ©¦ M°¥ªfi¦¥
S°§µ¸¢³¦ S¢§¦µº A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´: “T©¦ ¤°¯fi¥¦¯¤¦ ¦´µ¢£­ª´©¦¥ ª¯ ¢¥¥³¦´´ª¯¨ µ©¦ ´°§µ¸¢³¦ ´¢§¦µº
±³ª¯¤ª±­¦´ ´©¢­­ £¦ ¤°®®¦¯´¶³¢µ¦ µ° µ©¦ ¤°¯µ³ª£¶µª°¯ °§ µ©¦ ´°§µ¸¢³¦ µ° ´º´µ¦® ³ª´¬”. T©ª´ ª´ ¯°µ ¢ ´ª¨¯ªfi¤¢¯µ
¤°¯¤¦³¯ ¢´ µ©ª´ ±³ª¯¤ª±­¦ ª´ ¢ ¤³°´´-¤¶µµª¯¨ ª´´¶¦ §°³ ¢­­ ¢´´¶³¢¯¤¦, ¢¯¥ µ©¶´ ¯°µ ´°®¦µ©ª¯¨ µ©¢µ ©¢´ µ° £¦
´±¦¤ªfi¤¢­­º ¢¥¥³¦´´¦¥ ¢µ µ©¦ ¤°®±¶µ¢µª°¯ ­¦·¦­.
Lª¬¦¸ª´¦, µ©¦ §³¢®¦¸°³¬ ¥°¦´ ¯°µ ³¦¢¥ª­º ¢¥¥³¦´´ P³ª¯¤ª±­¦ F°¶³ ±­¶´ T¸°: “S°§µ¸¢³¦ ³¦²¶ª³¦¥ µ° ±³°¥¶¤¦
£¦©¢·ª°¶³ ¯°µ ±³¦¥ª¤µ¢£­¦ ¢µ ¥¦´ª¨¯ µª®¦ ´©°¶­¥ ¤°¯´ª¥¦³ µ©¦ ¤°¯´¦²¶¦¯¤¦ °§ £¦©¢·ª°¶³¢­ ¢¥¢±µ¢µª°¯´
°¯ ªµ´ ¦¯·ª³°¯®¦¯µ.”. T©ª´ ª´ ¯°µ ¢ ´ª¨¯ªfi¤¢¯µ ¤°¯¤¦³¯ ¢´ ¢¥¢±µ¢µª°¯ ª´ ¤°¯´ª¥¦³¦¥ ¢µ µ©¦ ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ (S¦¤µª°¯ 4I.
F³°® µ©¦ ±¦³´±¦¤µª·¦ °§ D°¶µ©¸¢ªµ¦ ¢¯¥ K¦­­º ’́ “Vª¦¸±°ª¯µ´” µ©¦ ¤©°´¦¯ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬
¥°¦´ ¯°µ ³¦¢¥ª­º ¢¥¥³¦´´ µ©¦ O±¦³¢µª°¯¢­ ·ª¦¸±°ª¯µ. T©ª´ ª´ ®°³¦ ³¦¢¥ª­º ¢¥¥³¦´´¦¥ ¢µ µ©¦ ¢¶µ°¯°®º





































Sª®ª­¢³­º, µ©¦ M°¯ªµ°³ª¯¨ T¦´µ´ §°³ ML ¤¢µ¦¨°³º §³°® G°°¨­¦’́ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¶£³ª¤ ¢³¦ ¢¥¥³¦´´¦¥ ¢µ
°µ©¦³ §³¢®¦¸°³¬ ­¦·¦­´, ¢´ ª´ S¶£¨°¢­ G3 §³°® B¶³µ°¯’́ “M¢¬ª¯¨ µ©¦ C¢´¦” A³¨¶®¦¯µ.
Fª¯¢­­º, µ©¦ ¤©°´¦¯ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ¥°¦´ ¯°µ ³¦¢¥ª­º ¢¥¥³¦´´ S¶£¨°¢­ G4 °§ B¶³µ°¯’́ “M¢¬ª¯¨
µ©¦ C¢´¦” A³¨¶®¦¯µ: “T©¦ §¶¯¤µª°¯ ¦¹©ª£ªµ´ ¢ ¶¯ª§°³® £¦©¢·ª°¶³ °·¦³ ¤³ªµª¤¢­ ¤­¢´´¦´ °§ ´ªµ¶¢µª°¯´”. Iµ ª´
¯°µ ª®®¦¥ª¢µ¦­º ¤­¦¢³ ¸©¦µ©¦³ µ©ª´, ¦´±¦¤ª¢­­º µ©¦ “¶¯ª§°³® £¦©¢·ª°¶³” ±¢³µ, ª´ ¢ ¨¦¯¦³ª¤ ³¦²¶ª³¦®¦¯µ µ©¢µ
´©°¶­¥ £¦ ´¢µª´fi¦¥ £º ¦·¦³º ¤°®±¶µ¢µª°¯. I§ ªµ ª´ ¢ ³¦²¶ª³¦®¦¯µ §°³ ¢ ±¢³µª¤¶­¢³ ¢±±­ª¤¢µª°¯ µ©¦¯ ªµ ´©°¶­¥
£¦ ¢¥¥³¦´´¦¥ £º µ©¦ T¢´¬ ±³°«¦¤µª°¯ (·ª¢ µ©¦ ³¦­¢µª°¯´©ª± µ° P³ª¯¤ª±­¦ O¯¦ °§ µ©¦ M°¥ªfi¦¥ S°§µ¸¢³¦ S¢§¦µº
A´´¶³¢¯¤¦ P³ª¯¤ª±­¦´I.
A.2.7 R¦­¢µª°¯´©ª± S¶®®¢³º
F°³ ¦¢´¦ °§ ³¦§¦³¦¯¤¦, µ©¦ ³¦­¢µª°¯´©ª±´ °¶µ­ª¯¦¥ ¢£°·¦ ¢³¦ ´¶®®¢³ª´¦¥ ª¯ T¢£­¦ 9. N°µ¦ µ©¢µ µ©ª´
±³¦´¦¯µ¢µª°¯ ª´ ¥¦­ª£¦³¢µ¦­º ´ª®±­¦ ¢¯¥ µ°±-­¦·¦­.















































O·¦³¢­­, µ©¦ ±³¦¤¦¥ª¯¨ ¢¯¢­º´ª´ ª¯¥ª¤¢µ¦´ µ©¢µ, £¢´¦¥ °¯ µ©¦ ´¦­¦¤µ¦¥ ¤°®±¢³¢µ°³ §³¢®¦¸°³¬´, µ©¦³¦ ¢³¦ ¯°
´ª¨¯ªfi¤¢¯µ °®ª´´ª°¯´ §³°® µ©¦ ¤©°´¦¯ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬.
A.3 S°§µ¸¢³¦ ¢¯¥ ML D¦·¦­°±®¦¯µ M¢±±ª¯¨´
T¢£­¦ 10 ®¢±´ µ©¦ §³¢®¦¸°³¬’́ ±³°«¦¤µª°¯´ µ° µ©¦ ¢¤µª·ªµª¦´ ª¯·°­·¦¥ ª¯ ¢ ¨¦¯¦³ª¤ ´°§µ¸¢³¦ ¥¦·¦­°±®¦¯µ
{87}.
T©ª´ ®¢±±ª¯¨ ´©°¸´ µ©¢µ µ©¦ ¤©°´¦¯ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬ ª´ ´¶ffi¤ª¦¯µ­º ¤°®±­¦µ¦ µ° ¢¥¥³¦´´






































T¢£­¦ 10: M¢±±ª¯¨ P³°«¦¤µª°¯´ µ° Tº±ª¤¢­ S°§µ¸¢³¦ D¦·¦­°±®¦¯µ
E¹±¦³ª¦¯¤¦ T¢´¬ A­¨°³ªµ©® S°§µ¸¢³¦ H¢³¥¸¢³¦
P­¢¯ Y
R¦²¶ª³¦®¦¯µ´ Y
D¦´ª¨¯ Y Y Y
I®±­¦®¦¯µ Y Y Y Y Y
T¦´µ Y
T³¢¯´ªµª°¯ Y Y
T° ±³°·ª¥¦ §¶³µ©¦³ ¤°¯fi¥¦¯¤¦, T¢£­¦ 11 ®¢±´ µ©¦ ±³°«¦¤µ´ µ° µ©¦ ´µ¦±´ µ©¢µ ¢³¦ ³¦²¶ª³¦¥ µ° ±³°¥¶¤¦ ¢
¶´¦§¶­ ML-£¢´¦¥ ¤°®±¶µ¢µª°¯ {84}. T©ª´ ®¢±±ª¯¨ ¥¦®°¯´µ³¢µ¦´ µ©¦ §³¢®¦¸°³¬ fiµ´ ¸¦­­ ¸ªµ© ¥¦·¦­°±®¦¯µ
ª¯ ¢¯ ML ¤°¯µ¦¹µ, ¸ªµ© ®°´µ ¥¦·¦­°±®¦¯µ ´µ¦±´ ®¢±±ª¯¨ µ° ¢ ´ª¯¨­¦ ±³°«¦¤µª°¯.
T¢£­¦ 11: M¢±±ª¯¨ P³°«¦¤µª°¯´ µ° Tº±ª¤¢­ ML D¦·¦­°±®¦¯µ
E¹±¦³ª¦¯¤¦ T¢´¬ A­¨°³ªµ©® S°§µ¸¢³¦ H¢³¥¸¢³¦

















A±±¦¯¥ª¹ B C°®±¶µ¢µª°¯-L¦·¦­ O£«¦¤µª·¦´: J¶´µªfi¤¢µª°¯
T©ª´ ¢±±¦¯¥ª¹ ±³°·ª¥¦´ ´°®¦ ¢¥¥ªµª°¯¢­ «¶´µªfi¤¢µª°¯ §°³ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´ ­ª´µ¦¥ ª¯ µ©¦ ®¢ª¯
£°¥º. T©ª´ ª´ ¢¤©ª¦·¦¥ £º ®¢±±ª¯¨ µ©°´¦ °£«¦¤µª·¦´ µ° ´¦±¢³¢µ¦­º ±¶£­ª´©¦¥ ®¢µ¦³ª¢­, ´±¦¤ªfi¤¢­­º:
• A ´¶¨¨¦´µ¦¥ ­ª´µ °§ ³¦²¶ª³¦®¦¯µ´ §°³ ¢ ´µ¢¯¥¢³¥ µ° ´¶±±°³µ µ©¦ ¶´¦ °§ NN´ ª¯ ´¢§¦µº-¤³ªµª¤¢­ ¢±±­ª¤¢µª°¯´
{10}. T©ª´ ´°¶³¤¦ ¥¢µ¦´ §³°® 1996. C°¯´¦²¶¦¯µ­º, ªµ ±³°·ª¥¦´ ¢ ´°¶¯¥ µ©¦°³¦µª¤¢­ £¢´ª´, ª¯¥¦±¦¯¥¦¯µ
§³°® ³¦¤¦¯µ µ³¦¯¥´, ¢¨¢ª¯´µ ¸©ª¤© ¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´ ¤¢¯ £¦ ¤°®±¢³¦¥. H°¸¦·¦³, ªµ´
¤°¯´ª¥¦³¢µª°¯´ ¥° ¯°µ ¦¯¤°®±¢´´ µ©¦ ­¢µ¦´µ ³¦´¦¢³¤© ¥ª³¦¤µª°¯´. I¯ ¢¥¥ªµª°¯, ¸©ª­´µ ®¢¯º °§ ªµ´
³¦²¶ª³¦®¦¯µ´ ¢³¦ ¢±±­ª¤¢£­¦ µ° ¢ ¯¶®£¦³ °§ ML ¢±±³°¢¤©¦´, µ©¦º ©¢·¦ £¦¦¯ ¥¦³ª·¦¥ ª¯ µ©¦ ´±¦¤ªfi¤
¤°¯µ¦¹µ °§ NN´.
• A¯ ¢¯¢­º´ª´ °§ ¨¢±´ ª¯ ¢ ¤¶³³¦¯µ ¢¶µ°®°µª·¦ ´µ¢¯¥¢³¥ ¸ªµ© ³¦¨¢³¥´ µ° µ©¦ ¶´¦ °§ ML ¢±±³°¢¤©¦´
{72}. T©ª´ ´°¶³¤¦ ¥¢µ¦´ §³°® 2018, ´° ªµ ¦¯¤¢±´¶­¢µ¦´ ³¦¤¦¯µ ³¦´¦¢³¤©. H°¸¦·¦³, µ©¦ ¤©°´¦¯
´µ¢¯¥¢³¥, ´±¦¤ªfi¤¢­­º I¯µ¦³¯¢µª°¯¢­ O³¨¢¯ª»¢µª°¯ §°³ Sµ¢¯¥¢³¥ª»¢µª°¯ (ISOI 26262 {47} ª´ ¢ §¶¯¤µª°¯¢­
´¢§¦µº ´µ¢¯¥¢³¥; µ©¢µ ª´, ªµ °¯­º ¢¥¥³¦´´¦´ ¶¯´¢§¦ £¦©¢·ª°¶³´ ¤¢¶´¦¥ £º ´º´µ¦® ®¢­§¶¯¤µª°¯´. F°³ ML
¢±±³°¢¤©¦´, µ©¦³¦ ª´ ¢­´° ¢ ¯¦¦¥ µ° ¤°¯´ª¥¦³ µ©¦ S¢§¦µº O§ T©¦ I¯µ¦¯¥¦¥ F¶¯¤µª°¯ (SOTIFI.
F°³ µ©¦ ³¦¢´°¯´ °¶µ­ª¯¦¥ ¢£°·¦, µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´ ¥¦³ª·¦¥ £º µ©¦ SASWG ¸°¶­¥ ¯°µ £¦
¦¹±¦¤µ¦¥ µ° ¥ª³¦¤µ­º ®¢µ¤© µ©¦ ¤°¯µ¦¯µ´ °§ ¦ªµ©¦³ ³¦§¦³¦¯¤¦. N¦·¦³µ©¦­¦´´, µ©¦ °£«¦¤µª·¦´ ¸°¶­¥ £¦
¦¹±¦¤µ¦¥ µ° ¤°·¦³ ¢­­ ³¦­¦·¢¯µ ª´´¶¦´ ³¢ª´¦¥ ª¯ µ©¦ ³¦§¦³¦¯¤¦ ®¢µ¦³ª¢­.
Iµ ª´ ¦®±©¢´ª´¦¥ µ©¢µ µ©¦ ®¢±±ª¯¨´ ¦´µ¢£­ª´©¦¥ £¦­°¸ ¢³¦ µ°±-­¦·¦­ ¢¯¥ ¢±±³°¹ª®¢µ¦. T©ª´ ª´ ¤°¯´ª¥¦³¦¥
¢±±³°±³ª¢µ¦ ¢´ µ©¦ ®¢±±ª¯¨´ ¢³¦ ª¯µ¦¯¥¦¥ µ° «¶´µª§º (°³, ª§ ¯¦¤¦´´¢³º, ³¦fi¯¦I µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­
°£«¦¤µª·¦´. M°³¦ ´±¦¤ªfi¤¢­­º, µ©¦ ®¢±±ª¯¨´ ¥ª´¤¶´´¦¥ ª¯ µ©ª´ ¢±±¦¯¥ª¹ ¸¦³¦ ¯°µ ¢ ¬¦º ±¢³µ °§ µ©¦ ±³°¤¦´´
£º ¸©ª¤© µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´ ¸¦³¦ ¥¦³ª·¦¥.
B.1 R¦²¶ª³¦®¦¯µ´ §°³ ¢ NN Sµ¢¯¥¢³¥
T¢£­¦ 12 ­ª´µ´ µ©¦ ³¦²¶ª³¦®¦¯µ´ ¯°µ¦¥ ª¯ {10}. N°µ¦ µ©¢µ µ©¦´¦ ³¦²¶ª³¦®¦¯µ´ ¶´¦ µ©¦ µ¦³® A³µªfi¤ª¢­ N¦¶³¢­
N¦µ¸°³¬ (ANNI, ³¢µ©¦³ µ©¢¯ NN, ¸©ª¤© ª´ ±³¦§¦³³¦¥ ª¯ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ. W©¦³¦ ¢±±³°±³ª¢µ¦, ³¦­¦·¢¯µ
¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´ ¢³¦ ©ª¨©­ª¨©µ¦¥. I§ ¯° °£«¦¤µª·¦´ ¢³¦ ³¦­¦·¢¯µ, «¶´µªfi¤¢µª°¯ §°³ µ©ª´ ª´ ±³°·ª¥¦¥.
T¢£­¦ 12: C°®±¶µ¢µª°¯-L¦·¦­ O£«¦¤µª·¦´ C°®±¢³¦¥ ¢¨¢ª¯´µ
R¦²¶ª³¦®¦¯µ´ §°³ ¢ NN Sµ¢¯¥¢³¥
Sµ¢¯¥¢³¥ R¦²¶ª³¦®¦¯µ R¦­¦·¢¯µ O£«¦¤µª·¦´
S±¦¤ª§º ©°¸ µ©¦ ©ª¨©-­¦·¦­ ¨°¢­´ °§, °³ ³¦²¶ª³¦®¦¯µ´ §°³, µ©¦ ANN ®°¥¶­¦
¢³¦ µ° £¦ °£µ¢ª¯¦¥
COM2-1, COM2-2
S±¦¤ª§º ¸©¢µ ´©°¶­¥ £¦ ¥°¯¦ µ° ¦¯´¶³¦ µ©¢µ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢ ¢¥¦²¶¢µ¦­º
³¦±³¦´¦¯µ µ©¦ ¢µµ¢ª¯®¦¯µ °§ µ©¦ ©ª¨©-­¦·¦­ ¨°¢­´
COM1-3
S±¦¤ª§º ¸©¢µ µº±¦ °§ ¯¦µ¸°³¬´ ¤¢¯ £¦ ¶´¦¥, ¢¯¥ ©°¸ ¦¢¤© µº±¦ ª´ µ° £¦
¶¯¢®£ª¨¶°¶´­º ¥¦´ª¨¯¢µ¦¥
COM3-1
S±¦¤ª§º ©°¸ µ©¦ ª¯±¶µ-°¶µ±¶µ ¤©¢³¢¤µ¦³ª´µª¤´ ¢³¦ µ° £¦ ¶¯¢®£ª¨¶°¶´­º
¥¦´ª¨¯¢µ¦¥
COM1-1, COM1-2
S±¦¤ª§º ©°¸ µ©¦ ¥¦·¦­°±¦³ ®¶´µ ¥¦´¤³ª£¦ µ©¦ ¸¢º ª¯ ¸©ª¤© µ©¦







































Sµ¢¯¥¢³¥ R¦²¶ª³¦®¦¯µ R¦­¦·¢¯µ O£«¦¤µª·¦´
S±¦¤ª§º ¸©¢µ ¥¦µ¢ª­´ µ©¦ ANN ¥¦·¦­°±¦³ ®¶´µ ±³°·ª¥¦ ³¦¨¢³¥ª¯¨ µ©¦ ¸¢º ª¯
¸©ª¤© µ©¦ ANN ®°¥¶­¦ ª¯µ¦³§¢¤¦´ ¸ªµ© µ©¦ ³¦´µ °§ µ©¦ ´º´µ¦®
O¶µ °§ ´¤°±¦: A¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­
S±¦¤ª§º µ©¦ ¦¹µ¦¯µ °§ ¬¯°¸­¦¥¨¦, ³¦­¢µª¯¨ µ° ¯¦¶³¢­ ¯¦µ¸°³¬´, ³¦²¶ª³¦¥ °§
®¢¯¢¨¦®¦¯µ ¢¯¥ ¥¦·¦­°±®¦¯µ µ¦¢® ±¦³´°¯¯¦­
O¶µ °§ ´¤°±¦: Sµ¢ffi¯¨
S±¦¤ª§º ¸©¢µ ¥¦·¦­°±®¦¯µ ®°¥¦­ ª´ µ° £¦ ¶´¦¥ §°³ µ©¦ ANN ®°¥¶­¦ COM5-1
S±¦¤ª§º ¢¯º °¶µ±¶µ´ ¸©ª¤© µ©¦ ANN ®°¥¶­¦ ª´ ³¦²¶ª³¦¥ µ° ±³°¥¶¤¦ ª¯
¢¥¥ªµª°¯ µ° ªµ´ ±³ª®¢³º §¶¯¤µª°¯¢­ °¶µ±¶µ
COM2-1
S±¦¤ª§º ¸©¦µ©¦³ §°³®¢­ ®¦µ©°¥´ °³ ³ª¨°³°¶´ ¢³¨¶®¦¯µ ¢³¦ µ° £¦ ¶´¦¥ µ°
¥¦·¦­°± µ©¦ ´°§µ¸¢³¦ ¸©ª¤© ª®±­¦®¦¯µ´ µ©¦ ¯¦¶³¢­ ¯¦µ¸°³¬
COM4-1, COM4-2
S±¦¤ª§º ¸©¢µ ®¦µ©°¥´ ¢³¦ µ° £¦ ¶´¦¥ §°³ ²¶¢­ªµº ¢´´¶³¢¯¤¦ ª¯ µ©¦ µ³¢ª¯¦¥
¯¦µ¸°³¬
COM1-1, COM4-1, COM5-1
S±¦¤ª§º µ©¢µ µ©¦ V¦³ªfi¤¢µª°¯ ¢¯¥ V¢­ª¥¢µª°¯ (V&VI µ¦¢® ´©°¶­¥ ¶´¦
¨¦¯¦³¢­ª´¢µª°¯ µ¦´µ´ °¯ µ©¦ µ³¢ª¯¦¥ ¯¦µ¸°³¬ µ° ·¦³ª§º µ©¢µ ªµ ©¢´ ­¦¢³¯¦¥ µ©¦
±³ª¯¤ª±­¦´ ª®±­ª¤ªµ ª¯ µ©¦ µ³¢ª¯ª¯¨ ¥¢µ¢
COM2-3, COM2-6, COM2-7
S±¦¤ª§º µ©¢µ µ©¦ V&V µ¦¢® ´©°¶­¥ ·¢­ª¥¢µ¦ ¢ S¢§¦µº-C³ªµª¤¢­ A³µªfi¤ª¢­ N¦¶³¢­
N¦µ¸°³¬ (SCANNI £º ª¯·¦´µª¨¢µª¯¨ µ©¦ £¦©¢·ª°¶³ °§ µ©¦ SCANN °·¦³ µ©¦
¸©°­¦ °§ µ©¦ ª¯±¶µ ´±¢¤¦
COM2-5
S±¦¤ª§º ©°¸ µ©¦ ¥¦·¦­°±¦³´ ´©°¶­¥ ¤©¦¤¬ µ©¢µ µ©¦ ª¯ªµª¢­ ´¢§¦µº
¢´´¦´´®¦¯µ´ ®¢¥¦ §°³ µ©¦ ´º´µ¦® ¢³¦ ¯°µ ¢ff¦¤µ¦¥ £º µ©¦ ANN ®°¥¶­¦
¢¯¥ ©°¸ §¢ª­¶³¦´ ª¯ °µ©¦³ ®°¥¶­¦´ ¸°¶­¥ ¢ff¦¤µ µ©¦ ´º´µ¦®, ¨ª·¦¯ µ©¦
ª¯µ¦¯¥¦¥ °±¦³¢µª°¯ °§ µ©¦ ANN
O¶µ °§ ´¤°±¦: P­¢µ§°³®-­¦·¦­
S±¦¤ª§º µ©¢µ ¥¦·¦­°±¦³´ ¦´µ¢£­ª´© ±°´´ª£­¦ §¢ª­¶³¦ ®°¥¦´ °§ µ©¦ ANN
®°¥¶­¦ ªµ´¦­§ ¢¯¥ µ©¦ ¤°¯´¦²¶¦¯¤¦´
O¶µ °§ ´¤°±¦: A¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­
(´¶±±°³µ¦¥ £º COM1-4, COM2-4,
COM3-2, COM5-2, COM5-2I
S±¦¤ª§º ©°¸ HAZOP ª´ µ° ±³°¤¦¦¥, ³¦¨¢³¥ª¯¨ µ©¦ °±¦³¢µª°¯ °§ ¯¦µ¸°³¬ O¶µ °§ ´¤°±¦: P­¢µ§°³®-­¦·¦­
S±¦¤ª§º µ©¦ £³ª¦§ ¢¯¥ §°³® °§ µ©¦ HAZOP ¤°®®ªµµ¦¦, ¢´ ¸¦­­ ¢´ ¨¶ª¥¦ ¸°³¥´
§°³ µ©¦ª³ ¶´¦
O¶µ °§ ´¤°±¦: P­¢µ§°³®-­¦·¦­
S±¦¤ª§º µ©¢µ ¢ ¤¦³µªfi¤¢µª°¯ ´µ¢¯¥¢³¥ ´©°¶­¥ ª¯´ª´µ µ©¢µ µ©¦ ¥¦·¦­°±¦³´ £¶ª­¥
µ©¦ ¯¦µ¸°³¬ ª´ ´¶¤© ¢ ¸¢º µ©¢µ µ©¦ ¯¦¤¦´´¢³º ¥¢µ¢ ¢³¦ ¢·¢ª­¢£­¦ ´° µ©¢µ ªµ ª´
±°´´ª£­¦ µ° ¥° F¢ª­¶³¦ M°¥¦ ¢¯¥ Eff¦¤µ´ A¯¢­º´ª´ (FMEAI ¢¯¥ HAZOP
COM3-3, COM3-4
Iµ ª´ ¢±±¢³¦¯µ µ©¢µ ¢­­ ³¦­¦·¢¯µ ³¦²¶ª³¦®¦¯µ´ ¦´µ¢£­ª´©¦¥ £º {10} ¢³¦ ¤°·¦³¦¥ £º °¯¦ °³ ®°³¦ °§ µ©¦
¤°®±¶µ¢µª°¯¢­ °£«¦¤µª·¦´ ¥¦³ª·¦¥ £º µ©¦ SASWG. T©ª´ ±³°·ª¥¦´ §¶³µ©¦³ ¤°¯fi¥¦¯¤¦ ª¯ µ©¦ ª¥¦¯µªfi¦¥
¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´.
B.2 ML-R¦­¢µ¦¥ G¢±´ ª¯ ¢¯ A¶µ°®°µª·¦ Sµ¢¯¥¢³¥
T©¦ ¢¯¢­º´ª´ °§ ISO 26262 ª¥¦¯µªfi¦¥ ¢ ¯¶®£¦³ °§ ª®±¢¤µ¦¥ °³ ¯¦¸ P³°¤¦´´ R¦²¶ª³¦®¦¯µ´ (PR´I. T©¦
¢´´°¤ª¢µ¦¥ ±©¢´¦ ¢¯¥ ¥¦´¤³ª±µª°¯ ¢³¦ ³¦±³°¥¶¤¦¥ (§³°® {72}I ª¯ T¢£­¦ 13. R¦­¦·¢¯µ ¤°®±¶µ¢µª°¯-­¦·¦­





































T¢£­¦ 13: C°®±¶µ¢µª°¯-L¦·¦­ O£«¦¤µª·¦´ C°®±¢³¦¥ ¢¨¢ª¯´µ I®±¢¤µ¦¥ °³
N¦¸ PR´
P©¢´¦ D¦´¤³ª±µª°¯ R¦­¦·¢¯µ O£«¦¤µª·¦´
(5I I¯ªµª¢µª°¯ B¦´µ ±³¢¤µª¤¦´: ¤°¥ª¯¨ ¨¶ª¥¦­ª¯¦´ COM3-2, COM4-1
(5I I¯ªµª¢µª°¯ ML ¥¦¤ª´ª°¯ ¨¢µ¦ O¶µ °§ ´¤°±¦: A¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­
(6I S°§µ¸¢³¦ ´¢§¦µº
³¦²¶ª³¦®¦¯µ´
R¦²¶ª³¦®¦¯µ´ ´±¦¤ªfi¤¢µª°¯ COM1-3, COM2-1, COM2-2
(6I S°§µ¸¢³¦ ´¢§¦µº
³¦²¶ª³¦®¦¯µ´
R¦²¶ª³¦®¦¯µ´ ·¦³ªfi¤¢µª°¯ COM2-3, COM2-5
(7I A³¤©ªµ¦¤µ¶³¢­ ¥¦´ª¨¯ F¢¶­µ µ°­¦³¢¯¤¦ O¶µ °§ ´¤°±¦: A¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: ¯°µ¢µª°¯´ COM3-2, COM4-1
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: ¥¦´ª¨¯ ±³ª¯¤ª±­¦´ COM3-2
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: ¥¢µ¢ ´¦µ ¤°­­¦¤µª°¯ ¢¯¥
·¦³ªfi¤¢µª°¯
COM1-1, COM1-2
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: ®°¥¦­ ´¦­¦¤µª°¯ COM3-1
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: §¦¢µ¶³¦ ´¦­¦¤µª°¯ COM1-3
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: µ³¢ª¯ª¯¨ COM3-2, COM4-1, COM5-1
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: ¥¢µ¢ ´¦µ ´±­ªµµª¯¨ O¶µ °§ ´¤°±¦: A±±³°¢¤©-´±¦¤ªfi¤
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: ·¢­ª¥¢µª°¯ COM2-3, COM3-2
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: µ¦´µª¯¨ COM2-3, COM2-7, COM4-2, COM5-2
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: µ¦´µª¯¨ ´µ³¶¤µ¶³¢­ ¤°·¦³¢¨¦ COM2-5
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: µ¦´µ ·´. °±¦³¢µª¯¨
¦¯·ª³°¯®¦¯µ
COM1-4, COM2-6, COM4-1
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: µ¦´µ ³¦´¶­µ ¦¹±­¢¯¢µª°¯ COM3-3, COM3-4
(8I S°§µ¸¢³¦ ¶¯ªµ ¥¦´ª¨¯,
ª®±­¦®¦¯µ¢µª°¯
B¦´µ ±³¢¤µª¤¦´: ·¦³ªfi¤¢µª°¯
COM2-3, COM2-4, COM2-5, COM2-6,
COM3-4
Iµ ª´ ¢±±¢³¦¯µ µ©¢µ ¢­­ ª®±¢¤µ¦¥ °³ ¯¦¸ PR´ ¦´µ¢£­ª´©¦¥ £º {72} ¢³¦ ¤°·¦³¦¥ £º °¯¦ °³ ®°³¦ °§ µ©¦
¤°®±¶µ¢µª°¯¢­ °£«¦¤µª·¦´ ¥¦³ª·¦¥ £º µ©¦ SASWG, °³ ¢³¦ ª¯µ¦¯µª°¯¢­­º °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©ª´ §³¢®¦¸°³¬.



























A±±¦¯¥ª¹ C P­¢µ§°³®-L¦·¦­ F³¢®¦¸°³¬: J¶´µªfi¤¢µª°¯
T©ª´ ¢±±¦¯¥ª¹ ±³°·ª¥¦´ ¢ £³ª¦§, °¶µ­ª¯¦ ´¶³·¦º °§ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬´ µ©¢µ ¤°¶­¥ £¦ ¶´¦¥ µ° ´µ³¶¤µ¶³¦
µ©ª¯¬ª¯¨ ¢£°¶µ µ©¦ ´¢§¦µº (°³ ¢´´¶³¢¯¤¦I °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´. F°³ ¦¢´¦ °§ ³¦§¦³¦¯¤¦, T¢£­¦ 14 ­ª´µ´ µ©¦
§³¢®¦¸°³¬´ µ©¢µ ¢³¦ ¤°¯´ª¥¦³¦¥.
T¢£­¦ 14: P­¢µ§°³®-L¦·¦­ F³¢®¦¸°³¬´ C°¯´ª¥¦³¦¥
S¦¤µª°¯ F³¢®¦¸°³¬
C.1.1 W¢º®°’́ Sº´µ¦® S¢§¦µº R¦±°³µ
C.1.2 T©¦ T¸¦­·¦ S¢§¦µº E­¦®¦¯µ´ §³°® µ©¦ NHTSA
C.1.3 HORIBA MIRA F³¢®¦¸°³¬
C.1.4 U£¦³ A¥·¢¯¤¦¥ T¦¤©¯°­°¨ª¦´ G³°¶±
C.1.5 AAIP BOK
C.1.6 AI S¢§¦µº L¢¯¥´¤¢±¦ C¢µ¦¨°³ª¦´
E¢¤© ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ª´ £³ª¦flº ´¶®®¢³ª´¦¥ (´¶£´¦¤µª°¯ C.1I ¢¯¥ ¢ ±³¦§¦³³¦¥ §³¢®¦¸°³¬ ª´
¥¦·¦­°±¦¥. A µ°±-­¦·¦­ ®¢±±ª¯¨ £¦µ¸¦¦¯ §³¢®¦¸°³¬´ ª´ ¤°®±­¦µ¦¥, µ° ¤°¯fi³® µ©¢µ µ©¦ ¤©°´¦¯ §³¢®¦¸°³¬
ª¯¤°³±°³¢µ¦´ ¢­­ ³¦­¦·¢¯µ ±¢³µ´ °§ µ©¦ °µ©¦³ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬´ (´¶£´¦¤µª°¯ C.2I.
C.1 P­¢µ§°³®-L¦·¦­ F³¢®¦¸°³¬´
C.1.1 W¢º®°’́ Sº´µ¦® S¢§¦µº R¦±°³µ
T©ª´ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ¤°®¦´ §³°® W¢º®°’́ Sº´µ¦® S¢§¦µº R¦±°³µ5. T©ª´ ³¦±°³µ ¦´µ¢£­ª´©¦´ fi·¦
¥ª´µª¯¤µ ´¢§¦µº ¢³¦¢´:
• B¦©¢·ª°¶³¢­ ´¢§¦µº, ¸©ª¤© ª´ ¢£°¶µ µ©¦ £¦©¢·ª°¶³ °§ µ©¦ ·¦©ª¤­¦ °¯ µ©¦ ³°¢¥, ª¯¤­¶¥ª¯¨ µ©¦ ¥¦¤ª´ª°¯´ ªµ
®¢¬¦´. T©ª´ ª´ µ©¦ ®°´µ ¯°·¦­ °§ µ©¦ ´¢§¦µº ¢³¦¢´.
• F¶¯¤µª°¯¢­ ´¢§¦µº, ¸©ª¤© ¤°¯´ª¥¦³´ ©°¸ µ©¦ ´º´µ¦® °±¦³¢µ¦´ ª¯ µ©¦ ±³¦´¦¯¤¦ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´.
T©ª´ ¢±±¦¢³´ µ° £¦ ´µ¢¯¥¢³¥ ´º´µ¦® ´¢§¦µº, ª¯¤­¶¥ª¯¨ µ©¦ ¶´¦ °§ ³¦¥¶¯¥¢¯µ ´¶£-´º´µ¦®´, §°³ ¦¹¢®±­¦.
• C³¢´© ´¢§¦µº, ¸©ª¤© ª´ ¢£°¶µ ±³°µ¦¤µª¯¨ ±¦°±­¦ ª¯ µ©¦ ¦·¦¯µ °§ ¢ ¤³¢´©. T©ª´ ¢±±¦¢³´ µ° £¦ ¯°³®¢­
¢¶µ°®°µª·¦ ¤³¢´© ´¢§¦µº.
• O±¦³¢µª°¯¢­ ´¢§¦µº, ¸©ª¤© ¤°·¦³´ µ©¦ ª¯µ¦³¢¤µª°¯ £¦µ¸¦¦¯ W¢º®° ·¦©ª¤­¦´ ¢¯¥ µ©¦ª³ ±¢´´¦¯¨¦³´. T©ª´
´¦¦®´ µ° £¦ ®¢ª¯­º §°¤¶´¦¥ °¯ µ©¦ ¶´¦³ ª¯µ¦³§¢¤¦, ¸©ª¤© ª¯¤­¶¥¦´ ©¦­±ª¯¨ µ©¦ ±¢´´¦¯¨¦³ ¶¯¥¦³´µ¢¯¥
¸©¢µ µ©¦ ·¦©ª¤­¦ ª´ ±¦³¤¦ª·ª¯¨ ¢¯¥ ¸©¢µ ªµ ª´ ¥°ª¯¨ °¯ µ©¦ ³°¢¥.
• N°¯-¤°­­ª´ª°¯ ´¢§¦µº, ¸©ª¤© ¤°¯´ª¥¦³´ ©°¸ µ©¦ ·¦©ª¤­¦ ¤°¶­¥ ©¢³® µ©°´¦ ªµ ª¯µ¦³¢¤µ´ ¸ªµ© ª¯ ¯°¯-¤³¢´©




































C.1.2 T©¦ T¸¦­·¦ S¢§¦µº E­¦®¦¯µ´ §³°® µ©¦ NHTSA
T©ª´ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ¤°®¦´ §³°® “A¶µ°®¢µ¦¥ D³ª·ª¯¨ Sº´µ¦®´ 2.0: A Vª´ª°¯ §°³ S¢§¦µº”, ±¶£­ª´©¦¥
£º µ©¦ US N¢µª°¯¢­ Hª¨©¸¢º T³¢ffi¤ S¢§¦µº A¥®ª¯ª´µ³¢µª°¯ (NHTSAI6. T©ª´ ª¯µ³°¥¶¤¦´ µ¸¦­·¦ “´¢§¦µº ¦­¦®¦¯µ´”:
1. Sº´µ¦® S¢§¦µº;
2. O±¦³¢µª°¯¢­ D¦´ª¨¯ D°®¢ª¯;
3. O£«¦¤µ ¢¯¥ E·¦¯µ D¦µ¦¤µª°¯ ¢¯¥ R¦´±°¯´¦;
4. F¢­­£¢¤¬ (Mª¯ª®¶® Rª´¬ C°¯¥ªµª°¯I;
5. V¢­ª¥¢µª°¯ M¦µ©°¥´;
6. H¶®¢¯ M¢¤©ª¯¦ I¯µ¦³§¢¤¦;
7. V¦©ª¤­¦ Cº£¦³´¦¤¶³ªµº;
8. C³¢´©¸°³µ©ª¯¦´´;
9. P°´µ-C³¢´© A¶µ°®¢µ¦¥ D³ª·ª¯¨ Sº´µ¦® (ADSI B¦©¢·ª°¶³;
10. D¢µ¢ R¦¤°³¥ª¯¨;
11. C°¯´¶®¦³ E¥¶¤¢µª°¯ ¢¯¥ T³¢ª¯ª¯¨;
12. F¦¥¦³¢­, Sµ¢µ¦ ¢¯¥ L°¤¢­ L¢¸´.
C.1.3 HORIBA MIRA F³¢®¦¸°³¬
T©ª´ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ª´ ¥¦´¤³ª£¦¥ ª¯ ¢¯ HORIBA MIRA ±³¦´¦¯µ¢µª°¯ {12}. T©¦ ±³¦´¦¯µ¢µª°¯
¥¦´¤³ª£¦´ ¢¯ A¶µ°¯°®°¶´ D³ª·¦³ (ADI; µ©¦ §°­­°¸ª¯¨ £¶­­¦µ´ ´¶®®¢³ª´¦ µ©¦ ©ª¨©-­¦·¦­, ¨¦¯¦³ª¤ §¦¢µ¶³¦´
°§ µ©¦ §³¢®¦¸°³¬.
• STRATEGY: A³¨¶®¦¯µ ´±­ªµ ¢¤¤°³¥ª¯¨ µ° §¶¯¤µª°¯¢­ªµº µ©¢µ ª´ ª¯µ¦¯¥¦¥, ¶¯ª¯µ¦¯¥¦¥ ¢¯¥ ¥¶¦ µ°
®¢­ª¤ª°¶´ ª¯µ¦¯µ.
• CLAIM: I¯µ¦¯¥¦¥ B¦©¢·ª°¶³ - T©¦ ¢£´¦¯¤¦ °§ ¶¯³¦¢´°¯¢£­¦ ³ª´¬ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ª¯µ¦¯¥¦¥
£¦©¢·ª°¶³ °§ µ©¦ {¢¶µ°¯°®°¶´ ´º´µ¦®} ©¢´ £¦¦¯ ¢¤©ª¦·¦¥.
– STRATEGY: A³¨¶®¦¯µ ´µ³¶¤µ¶³¦¥ £º µ©¦ ³¢µª°¯¢­¦ §°³, ¢¯¥ ´¢µª´§¢¤µª°¯ °§, ´±¦¤ªfi¦¥ ³¦²¶ª³¦®¦¯µ´
(REQ´I.
– CLAIM: R¦²¶ª³¦®¦¯µ´ R¢µª°¯¢­¦ - M¦¦µª¯¨ µ©¦ REQ´ ºª¦­¥´ µ©¦ ¢£´¦¯¤¦ °§ ¶¯³¦¢´°¯¢£­¦ ³ª´¬
¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ª¯µ¦¯¥¦¥ £¦©¢·ª°¶³ °§ µ©¦ {¢¶µ°¯°®°¶´ ´º´µ¦®}.
– CLAIM: R¦²¶ª³¦®¦¯µ´ S¢µª´§¢¤µª°¯ - T©¦ {¢¶µ°¯°®°¶´ ´º´µ¦®} £¦©¢·¦´ ¢¤¤°³¥ª¯¨ µ° µ©¦ REQ´.
(I¯ µ©ª´ ¢³¦¢, µ©¦ §³¢®¦¸°³¬ ¢­´° ª¯µ³°¥¶¤¦´: ·ª³µ¶¢­ µ¦´µª¯¨; ±©º´ª¤¢­ µ¦´µª¯¨; ¢¯¥ µ¦´µª¯¨ ¥ª·¦³´ªµº
¢¯¥ ¯¶®£¦³.I
• CLAIM: M¢­§¶¯¤µª°¯ª¯¨ B¦©¢·ª°¶³ - T©¦ ¢£´¦¯¤¦ °§ ¶¯³¦¢´°¯¢£­¦ ³ª´¬ ¢´´°¤ª¢µ¦¥ ¸ªµ© ®¢­§¶¯¤µª°¯ª¯¨
£¦©¢·ª°¶³ °§ µ©¦ {¢¶µ°¯°®°¶´ ´º´µ¦®} ©¢´ £¦¦¯ ¢¤©ª¦·¦¥.
• CLAIM: M¢­ª¤ª°¶´ I¯µ¦¯µ - T©¦ ¢£´¦¯¤¦ °§ ¶¯³¦¢´°¯¢£­¦ ³ª´¬ ¢´´°¤ª¢µ¦¥ ¸ªµ© ®¢­ª¤ª°¶´ ¢µµ¢¤¬ °§ µ©¦
{¢¶µ°¯°®°¶´ ´º´µ¦®} ©¢´ £¦¦¯ ¢¤©ª¦·¦¥.

































C.1.4 U£¦³ A¥·¢¯¤¦¥ T¦¤©¯°­°¨ª¦´ G³°¶±
T©ª´ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ª´ µ©¦ ´¢§¦µº ¤¢´¦ §³¢®¦¸°³¬ ¥¦·¦­°±¦¥ £º U£¦³ A¥·¢¯¤¦¥ T¦¤©¯°­°¨ª¦´
G³°¶±7. T©ª´ §³¢®¦¸°³¬ ª´ ª¯µ¦¯¥¦¥ §°³ ¶´¦ ¸ªµ© ´¦­§-¥³ª·ª¯¨ ·¦©ª¤­¦´, ¦´±¦¤ª¢­­º ±¢´´¦¯¨¦³-¤¢³³ºª¯¨ ¤¢³´
°¯ ±¶£­ª¤ ³°¢¥´. T©ª´ ª´ ¢ ¯¢³³°¸¦³ ´¤°±¦ µ©¢¯ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ, ¸©ª¤© ¢¥¥³¦´´¦´ ¢­­ ¢¶µ°¯°®°¶´
´º´µ¦®´. F°³ ³¦¢´°¯´ °§ £³¦·ªµº °¯­º µ©¦ fi·¦ µ°±-­¦·¦­ ¨°¢­´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©ª´ §³¢®¦¸°³¬ ¢³¦ ­ª´µ¦¥ £¦­°¸:
• G1 - P³°fi¤ª¦¯µ: T©¦ S¦­§-D³ª·ª¯¨ V¦©ª¤­¦ ª´ ¢¤¤¦±µ¢£­º ´¢§¦ ¥¶³ª¯¨ ¯°®ª¯¢­ °±¦³¢µª°¯.
• G2 - F¢ª­-S¢§¦: T©¦ S¦­§-D³ª·ª¯¨ V¦©ª¤­¦ ª´ ¢¤¤¦±µ¢£­º ´¢§¦ ª¯ ±³¦´¦¯¤¦ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´.
• G3 - C°¯µª¯¶°¶´­º I®±³°·ª¯¨: A¯º ¢¯°®¢­º µ©¢µ ¤°¶­¥ ¢ff¦¤µ µ©¦ ´¢§¦µº °§ µ©¦ S¦­§-D³ª·ª¯¨ V¦©ª¤­¦ ª´
ª¥¦¯µªfi¦¥, ¦·¢­¶¢µ¦¥, ¢¯¥ ³¦´°­·¦¥ ¸ªµ© ¢±±³°±³ª¢µ¦ ¤°³³¦¤µª·¦ ¢¯¥ ±³¦·¦¯µ¢µª·¦ ¢¤µª°¯´.
• G4 - R¦´ª­ª¦¯µ: T©¦ S¦­§-D³ª·ª¯¨ V¦©ª¤­¦ ª´ ¢¤¤¦±µ¢£­º ´¢§¦ ª¯ ¤¢´¦ °§ ³¦¢´°¯¢£­º §°³¦´¦¦¢£­¦ ®ª´¶´¦
¢¯¥ ¶¯¢·°ª¥¢£­¦ ¦·¦¯µ´.
• G5 - T³¶´µ¸°³µ©º: T©¦ S¦­§-D³ª·ª¯¨ E¯µ¦³±³ª´¦ ª´ µ³¶´µ¸°³µ©º.
C.1.5 AAIP BOK
T©ª´ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ª´ ±¢³µ °§ µ©¦ ´µ³¶¤µ¶³¦ °§ µ©¦ AAIP BOK {41}. T©ª´ ©¢´ ¢ ·¢´µ ´¤°±¦: ªµ
¢ª®´ µ° £¦ ¤³°´´-¥°®¢ª¯, ¤³°´´-µ¦¤©¯°­°¨º ¢¯¥ ¤³°´´-¢±±­ª¤¢µª°¯, ¤°·¦³ª¯¨ ¢­­ ¢´±¦¤µ´ °§ ¢´´¶³¢¯¤¦ ¢¯¥
³¦¨¶­¢µª°¯ °§ R°£°µª¤´ ¢¯¥ A¶µ°¯°®°¶´ Sº´µ¦®´ (RASI. T©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ ©¢´ ´ª®ª­¢³ ¢ª®´ ¸ªµ© ³¦¨¢³¥´
µ° £³¦¢¥µ© °§ ¥°®¢ª¯´, µ¦¤©¯°­°¨ª¦´ ¢¯¥ ¢±±­ª¤¢µª°¯´: ©°¸¦·¦³, ³¦¨¶­¢µª°¯-´±¦¤ªfi¤´ ¢³¦ ¯°µ ¢ §°¤¶´. F°³
³¦¢´°¯´ °§ £³¦·ªµº °¯­º µ©¦ µ°±-­¦·¦­ ªµ¦®´ ¢³¦ ­ª´µ¦¥ £¦­°¸:
• D¦fi¯ª¯¨ ³¦²¶ª³¦¥ £¦©¢·ª°¶³.
• I®±­¦®¦¯µ¢µª°¯ °§ ¢¯ RAS µ° ±³°·ª¥¦ µ©¦ ³¦²¶ª³¦¥ £¦©¢·ª°¶³.
• U¯¥¦³´µ¢¯¥ª¯¨ ¢¯¥ ¤°¯µ³°­­ª¯¨ ¥¦·ª¢µª°¯´ §³°® ³¦²¶ª³¦¥ £¦©¢·ª°¶³.
• G¢ª¯ª¯¨ ¢±±³°·¢­ §°³ °±¦³¢µª°¯ °§ RAS.
N°µ¦ µ©¢µ ¢ ®°³¦ ¥¦µ¢ª­¦¥, °£«¦¤µª·¦-­¦·¦­ ¤°®±¢³ª´°¯ £¦µ¸¦¦¯ µ©ª´ ¥°¤¶®¦¯µ ¢¯¥ µ©¦ AAIP BOK ª´
±³°·ª¥¦¥ ª¯ A±±¦¯¥ª¹ D.
C.1.6 AI S¢§¦µº L¢¯¥´¤¢±¦ C¢µ¦¨°³ª¦´
T©ª´ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬ ª´ £¢´¦¥ °¯ ¸°³¬ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ AI S¢§¦µº 2019 ¤°¯§¦³¦¯¤¦. T©ª´
±³¦´¦¯µ´ ¢ ´¦³ª¦´ °§ ´¦·¦¯ ¤¢µ¦¨°³ª¦´8, °¯¦ °§ ¸©ª¤© ª´ ¶¯¥¦³±ª¯¯ª¯¨ ¢¯¥ °¯¦ °§ ¸©ª¤© ª´ °·¦³¢³¤©ª¯¨.




































T¢£­¦ 15: AI S¢§¦µº L¢¯¥´¤¢±¦ C¢µ¦¨°³ª¦´














M°´µ °§ µ©¦ ¤¢µ¦¨°³ª¦´ ¢³¦ ´¦­§-¦¹±­¢¯¢µ°³º; µ©¦ ¦¹¤¦±µª°¯ ª´ AI S¢§¦µº F°¶¯¥¢µª°¯´. T©ª´ ª¯¤­¶¥¦´ ¤°¯¤¦±µ´
´¶¤© ¢´ ¶¯¤¦³µ¢ª¯µº ¢¯¥ ¨¦¯¦³¢­ªµº, ¢´ ¸¦­­ ¢´ ¤©¢³¢¤µ¦³ª´µª¤´ ­ª¬¦ ­¦·¦­´ °§ ¢¶µ°¯°®º ¢¯¥ ´¢§¦µº ¤³ªµª¤¢­ªµº.
M°³¦ ¨¦¯¦³¢­­º, µ©ª´ ¤¢µ¦¨°³º ¤°­­¦¤µ´ ¤°¯¤¦³¯´ ª¯ AI ´¢§¦µº µ©¢µ ´±¢¯ ®¶­µª±­¦ °µ©¦³ ¤¢µ¦¨°³ª¦´.
C.1.7 C©°ª¤¦ °§ F³¢®¦¸°³¬
W©ª­´µ µ©¦º ±³°·ª¥¦ ¢ ¶´¦§¶­ ´µ³¶¤µ¶³¦ ¢¨¢ª¯´µ ¸©ª¤© ¢ ¤©°´¦¯ §³¢®¦¸°³¬ ¤¢¯ £¦ £¦¯¤©®¢³¬¦¥, ¯°¯¦ °§
µ©¦ ±³¦¤¦¥ª¯¨ §³¢®¦¸°³¬´ ¢³¦ ´¶ªµ¢£­¦ §°³ ¶´¦ £º µ©¦ SASWG: µ©¦º ¢³¦ ¦ªµ©¦³ µ°° §°¤¶´¦¥ °¯ ¢ ´±¦¤ªfi¤
µº±¦ °§ ±­¢µ§°³®, °§µ¦¯ ¢ ´¦­§-¥³ª·ª¯¨ ¤¢³, ¸©¦³¦¢´ µ©¦ SASWG’́ ¸°³¬ ¢ª®´ µ° ¤°·¦³ ¢­­ µº±¦´ °§ ¢¶µ°¯°®°¶´
´º´µ¦®; °³ µ©¦º ¢¥°±µ ¢ £¢­¢¯¤¦¥ ·ª¦¸ °§ ´º´µ¦® ´¢§¦µº, ¸©¦³¦¢´ µ©¦ SASWG’́ ¸°³¬ ¥¦­ª£¦³¢µ¦­º µ¢³¨¦µ´
¢´±¦¤µ´ ³¦­¢µ¦¥ µ° ¢¶µ°¯°®º.
C°¯´¦²¶¦¯µ­º, ©¢·ª¯¨ £¦¦¯ ª¯§°³®¦¥ £º µ©¦ §³¢®¦¸°³¬´ ­ª´µ¦¥ ¢£°·¦ (¢¯¥ ³¦­¢µ¦¥ ªµ¦®´I ¢ §°¶³-±³°«¦¤µª°¯
§³¢®¦¸°³¬ ©¢´ £¦¦¯ ¥¦·¦­°±¦¥. T©¦´¦ ±³°«¦¤µª°¯´ ¢³¦ ¥¦´¤³ª£¦¥ ¥¦µ¢ª­ ª¯ S¦¤µª°¯ 6. F°³ ¦¢´¦ °§ ³¦§¦³¦¯¤¦,
¢ ´¶®®¢³º ª´ ±³°·ª¥¦¥ £¦­°¸:
• B¦©¢·ª°¶³¢­ S±¦¤ªfi¤¢µª°¯, ¸©ª¤© ª´ ¢£°¶µ ¸©¢µ µ©¦ ±­¢µ§°³® ª´ ³¦²¶ª³¦¥ µ° ¥° (¢¯¥ ¯°µ ¥°I.
• I¯µ¦³¢¤µª¯¨ Iµ¦®´, ¸©ª¤© ª´ ¢£°¶µ µ©ª¯¨´ ª¯µ¦¯¥¦¥ °³ ³¦²¶ª³¦¥ µ° ª¯µ¦³¢¤µ ¸ªµ© µ©¦ ±­¢µ§°³®, ¯°µ ¥ª³¦¤µ­º
°¸¯¦¥ £º µ©¦ ±­¢µ§°³® ¥¦·¦­°±¦³ °³ °±¦³¢µ°³.
• P¦°±­¦, ¸©ª¤© ª´ ¢£°¶µ ©°¸ µ©¦ ±­¢µ§°³® ª¯µ¦³¢¤µ´ ¸ªµ© ±¦°±­¦.
• E¯·ª³°¯®¦¯µ, ¸©ª¤© ª´ ¢£°¶µ µ©ª¯¨´ ª¯ µ©¦ °±¦³¢µª°¯¢­ ¥°®¢ª¯ °¶µ´ª¥¦ µ©¦ ¤°¯µ³°­ °§ µ©¦ ±­¢µ§°³®
¥¦·¦­°±¦³ °³ °±¦³¢µ°³.
C.2 F³¢®¦¸°³¬ M¢±±ª¯¨´
T©¦ §°­­°¸ª¯¨ ±¢³¢¨³¢±©´ ¥ª´¤¶´´ µ©¦ ³¦­¢µª°¯´©ª± £¦µ¸¦¦¯ µ©¦ ±³°«¦¤µª°¯´ ª¯ µ©¦ ¢¥°±µ¦¥ §³¢®¦¸°³¬ ¢¯¥
µ©¦ ¢´±¦¤µ´ °§ µ©¦ °µ©¦³ §³¢®¦¸°³¬´ °¶µ­ª¯¦¥ ª¯ µ©¦ ±³¦¤¦¥ª¯¨ ´¶£´¦¤µª°¯. Gª·¦¯ µ©¦ ¤°®±­¦¹ªµº °§ µ©¦
ªµ¦®´ ª¯ µ©¦ ·¢³ª°¶´ §³¢®¦¸°³¬´, °¯­º µ°±-­¦·¦­ ³¦­¢µª°¯´©ª±´ ¢³¦ ¥¦´¤³ª£¦¥.
T©¦ ¥ª´¤¶´´ª°¯´ ¢­´° ª¯¤­¶¥¦ ¢ “N°µ A¥¥³¦´´¦¥” ±´¦¶¥°-±³°«¦¤µª°¯, ¸©ª¤© ¤¢±µ¶³¦´ ¤°¯´ª¥¦³¢µª°¯´ µ©¢µ ¥°
¯°µ ³¦¢¥ª­º ³¦­¢µ¦ µ° ¢¯º °§ µ©¦ ±³°«¦¤µª°¯´ ª¯ µ©¦ ¢¥°±µ¦¥ §³¢®¦¸°³¬. Bº ¤©¦¤¬ª¯¨ µ©¦ ¤°¯µ¦¯µ´ °§ µ©ª´
±´¦¶¥°-±³°«¦¤µª°¯, ¢¯¥ ¤°¯fi³®ª¯¨ µ©¢µ ªµ ¤°¯µ¢ª¯´ ¯°µ©ª¯¨ ´ª¨¯ªfi¤¢¯µ (§³°® µ©¦ ±¦³´±¦¤µª·¦ °§ µ©¦ ¤¶³³¦¯µ



































T©ª´ ±³°«¦¤µª°¯ ³¦­¢µ¦´ µ° µ©¦ B¦©¢·ª°¶³¢­ S¢§¦µº, F¶¯¤µª°¯¢­ S¢§¦µº ¢¯¥ C³¢´© S¢§¦µº ¦­¦®¦¯µ´ §³°®W¢º®°’́
Sº´µ¦® S¢§¦µº R¦±°³µ.
Iµ ¢­´° ³¦­¢µ¦´ µ° fi·¦ °§ µ©¦ NHTSA S¢§¦µº E­¦®¦¯µ´, ´±¦¤ªfi¤¢­­º: O£«¦¤µ ¢¯¥ E·¦¯µ D¦µ¦¤µª°¯ ¢¯¥ R¦´±°¯´¦;
F¢­­£¢¤¬ (Mª¯ª®¶® Rª´¬ C°¯¥ªµª°¯I; C³¢´©¸°³µ©ª¯¦´´; P°´µ C³¢´© A¶µ°®¢µ¦¥ D³ª·ª¯¨ Sº´µ¦® B¦©¢·ª°¶³; ¢¯¥
F¦¥¦³¢­, Sµ¢µ¦ ¢¯¥ L°¤¢­ L¢¸´.
T¸° °§ µ©¦ µ°±-­¦·¦­ ¦­¦®¦¯µ´ §³°® µ©¦ HORIBA MIRA §³¢®¦¸°³¬ ¢³¦ ¢­´° ³¦­¦·¢¯µ, ´±¦¤ªfi¤¢­­º: I¯µ¦¯¥¦¥
B¦©¢·ª°³ ¢¯¥ M¢­§¶¯¤µª°¯ª¯¨ B¦©¢·ª°¶³.
T©¦ ®¢«°³ªµº °§ µ©¦ U£¦³ A¥·¢¯¤¦¥ T¦¤©¯°­°¨ª¦´ G³°¶± §³¢®¦¸°³¬ ª´ ³¦­¦·¢¯µ µ° µ©ª´ ±³°«¦¤µª°¯. I¯
±¢³µª¤¶­¢³, P³°fi¤ª¦¯µ; F¢ª­-S¢§¦; C°¯µª¯¶°¶´­º I®±³°·ª¯¨; ¢¯¥ R¦´ª­ª¦¯µ ¢³¦ ¢­­ ³¦­¦·¢¯µ.
Lª¬¦¸ª´¦, µ©¦ ®¢«°³ªµº °§ µ©¦ µ°±-­¦·¦­ ªµ¦®´ §³°® µ©¦ AAIP BOK ¢³¦ ³¦­¦·¢¯µ, ´±¦¤ªfi¤¢­­º: D¦fi¯ª¯¨ R¦²¶ª³¦¥
B¦©¢·ª°¶³; I®±­¦®¦¯µª¯¨ R¦²¶ª³¦¥ B¦©¢·ª°¶³; ¢¯¥ U¯¥¦³´µ¢¯¥ª¯¨ ¢¯¥ C°¯µ³°­­ª¯¨ D¦·ª¢µª°¯´.
Fª¯¢­­º, µ¸° °§ µ©¦ AI S¢§¦µº L¢¯¥´¤¢±¦ C¢µ¦¨°³ª¦´ ¢³¦ ³¦­¦·¢¯µ: S±¦¤ªfi¤¢µª°¯ ¢¯¥ M°¥¦­­ª¯¨; ¢¯¥ V¦³ªfi¤¢µª°¯
¢¯¥ V¢­ª¥¢µª°¯.
C.2.2 I¯µ¦³¢¤µª¯¨ Iµ¦®´
N° ¦­¦®¦¯µ´ §³°® ¢¯º °§ µ©¦ §³¢®¦¸°³¬´ ¢³¦ ¥ª³¦¤µ­º ³¦­¦·¢¯µ µ° µ©ª´ ±³°«¦¤µª°¯. T©ª´ ª´ £¦¤¢¶´¦ ¯°¯¦ °§
µ©¦ §³¢®¦¸°³¬´ ¦¹±­ª¤ªµ­º ©ª¨©­ª¨©µ µ©¦ °ff-±­¢µ§°³® ¦­¦®¦¯µ´ °§ µ©¦ ¸ª¥¦³ ´º´µ¦®. I¯´µ¦¢¥, ¤°¯´ª¥¦³¢µª°¯´
°§ µ©ª´ µº±¦ ¢³¦ ª®±­ª¤ªµ­º ª¯¤­¶¥¦¥ ¸ªµ©ª¯ ¥ª´¤¶´´ª°¯´ ³¦­¢µª¯¨ µ° µ©¦ ±­¢µ§°³®. H°¸¦·¦³, ¢´ ª¯¥ª¤¢µ¦¥ £º µ©¦
°£«¦¤µª·¦´ ª¯ S¦¤µª°¯ 7, ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¤¢¯ ©¢·¦ ´ª¨¯ªfi¤¢¯µ ´¢§¦µº ª®±­ª¤¢µª°¯´. C°¯´¦²¶¦¯µ­º, µ©¦º ¢³¦
¥¦¦®¦¥ ¸°³µ©º °§ ´¦±¢³¢µ¦ ª¥¦¯µªfi¤¢µª°¯.
C.2.3 P¦°±­¦
T¸° ¦­¦®¦¯µ´ §³°® W¢º®°’́ Sº´µ¦® S¢§¦µº R¦±°³µ ¢³¦ ³¦­¦·¢¯µ: O±¦³¢µª°¯¢­ S¢§¦µº; ¢¯¥ N°¯-C°­­ª´ª°¯
S¢§¦µº.
T©¦³¦ ¢³¦ µ©³¦¦ NHTSA S¢§¦µº E­¦®¦¯µ´ µ©¢µ ¢³¦ ³¦­¦·¢¯µ: H¶®¢¯M¢¤©ª¯¦ I¯µ¦³§¢¤¦; V¦©ª¤­¦ Cº£¦³´¦¤¶³ªµº;
¢¯¥ C°¯´¶®¦³ E¥¶¤¢µª°¯ ¢¯¥ T³¢ª¯ª¯¨.
A ´ª¯¨­¦ µ°±-­¦·¦­ ¦­¦®¦¯µ §³°® µ©¦ HORIBA MIRA §³¢®¦¸°³¬ ª´ ³¦­¦·¢¯µ, ¯¢®¦­º, M¢­ª¤ª°¶´ I¯µ¦¯µ.
N°¯¦ °§ µ©¦ µ°±-­¦·¦­ ªµ¦®´ ª¯ µ©¦ U£¦³ A¥·¢¯¤¦¥ T¦¤©¯°­°¨ª¦´ G³°¶± §³¢®¦¸°³¬ ¢³¦ ³¦­¦·¢¯µ µ° µ©ª´
±³°«¦¤µª°¯.
Lª¬¦¸ª´¦, ¯°¯¦ °§ µ©¦ AAIP BOK µ°±-­¦·¦­ ªµ¦®´ ¢³¦ ³¦­¦·¢¯µ ¦ªµ©¦³.
T¸° °§ µ©¦ AI S¢§¦µº L¢¯¥´¤¢±¦ C¢µ¦¨°³ª¦´ ¢³¦ ³¦­¦·¢¯µ, ´±¦¤ªfi¤¢­­º: S¢§¦µº-³¦­¢µ¦¥ Eµ©ª¤´, S¦¤¶³ªµº ¢¯¥




































T©¦ O±¦³¢µª°¯¢­ D¦´ª¨¯ D°®¢ª¯ ´¢§¦µº ¦­¦®¦¯µ §³°® µ©¦ NHTSA ¥ª³¦¤µ­º ®¢±´ µ° µ©ª´ ±³°«¦¤µª°¯, ¢´ ¥°¦´
µ©¦ R¶¯µª®¦ M°¯ªµ°³ª¯¨ ¢¯¥ E¯§°³¤¦®¦¯µ AI S¢§¦µº L¢¯¥´¤¢±¦ ¤¢µ¦¨°³º.
N°¯¦ °§ µ©¦ °µ©¦³ §³¢®¦¸°³¬´ ©¢·¦ ªµ¦®´ µ©¢µ ¥ª³¦¤µ­º ®¢± µ° µ©ª´ ±³°«¦¤µª°¯. T©ª´ ¥°¦´ ¯°µ ®¦¢¯ µ©¢µ
µ©¦´¦ §³¢®¦¸°³¬´ ª¨¯°³¦ µ©¦ ¦¯·ª³°¯®¦¯µ; ªµ «¶´µ ®¦¢¯´ µ©¢µ µ©¦´¦ µº±¦´ °§ ¤°¯´ª¥¦³¢µª°¯ ¢±±¦¢³ ¢µ ¢
­°¸¦³-­¦·¦­, ©¢·ª¯¨ £¦¦¯ £³ª¨¢¥¦¥ ª¯ ¢ ¥ªff¦³¦¯µ §¢´©ª°¯ µ° µ©¦ §³¢®¦¸°³¬ ¢¥°±µ¦¥ £º µ©¦ SASWG.
C.2.5 N°µ A¥¥³¦´´¦¥
A­­ ¦­¦®¦¯µ´ §³°® W¢º®°’́ Sº´µ¦® S¢§¦µº R¦±°³µ ¢³¦ ¥ª³¦¤µ­º ¢¥¥³¦´´¦¥ £º µ©¦ ¤°­­¦¤µª°¯ °§ ±³°«¦¤µª°¯´
¶´¦¥ ª¯ µ©¦ §³¢®¦¸°³¬ ¢¥°±µ¦¥ £º µ©¦ SASWG.
T©¦³¦ ¢³¦ µ©³¦¦ NHTSA S¢§¦µº E­¦®¦¯µ´ µ©¢µ ¢³¦ ¯°µ ¥ª³¦¤µ­º ¢¥¥³¦´´¦¥: Sº´µ¦® S¢§¦µº; V¢­ª¥¢µª°¯ M¦µ©°¥´;
D¢µ¢ R¦¤°³¥ª¯¨. T©¦ fi³´µ °§ µ©¦´¦ ª´ ¢¥¥³¦´´¦¥ £º ¢­­ µ©³¦¦ SASWG §³¢®¦¸°³¬´ (ª.¦., £º µ©¦ ¦¯µª³¦µº °§ µ©¦
¤¶³³¦¯µ ¥°¤¶®¦¯µI; µ©¦ °µ©¦³ µ¸° ¢³¦ ¢¥¥³¦´´¦¥ £º µ©¦ C°®±¶µ¢µª°¯-L¦·¦­ §³¢®¦¸°³¬ (S¦¤µª°¯ 2I.
A­­ ¦­¦®¦¯µ´ §³°® µ©¦ HORIBA MIRA §³¢®¦¸°³¬ ¢³¦ ¥ª³¦¤µ­º ¢¥¥³¦´´¦¥.
T©¦³¦ ª´ ¢ ´ª¯¨­¦ µ°±-­¦·¦­ ¦­¦®¦¯µ §³°® µ©¦ U£¦³ A¥·¢¯¤¦¥ T¦¤©¯°­°¨ª¦´ G³°¶± §³¢®¦¸°³¬ µ©¢µ ª´ ¯°µ
¥ª³¦¤µ­º ¢¥¥³¦´´¦¥: T³¶´µ¸°³µ©º. T©ª´ ¦­¦®¦¯µ ³¦­¢µ¦´ µ° µ©¦ µ³¶´µ¸°³µ©ª¯¦´´ °§ µ©¦ ´¦­§-¥³ª·ª¯¨ ¦¯µ¦³±³ª´¦,
¸©ª¤© ª´ ¢ ®¶¤© ¸ª¥¦³ ¤°¯´ª¥¦³¢µª°¯ µ©¢¯ µ©¦ ´¢§¦µº ¢´´¶³¢¯¤¦ °£«¦¤µª·¦´ °§ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ.
T©¦³¦ ª´ ¢­´° ¢ ´ª¯¨­¦ µ°±-­¦·¦­ ¦­¦®¦¯µ §³°® µ©¦ AAIP BOK µ©¢µ ª´ ¯°µ ¥ª³¦¤µ­º ¢¥¥³¦´´¦¥: G¢ª¯ª¯¨ A±±³°·¢­.
T©ª´ ³¦­¢µ¦´ µ° ­ª¢ª´°¯ ¸ªµ© ¤¦³µªfi¤¢µª°¯ ¢¶µ©°³ªµª¦´, ¸©ª¤© ª´ °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ.
T©¦³¦ ¢³¦ µ¸° AI S¢§¦µº L¢¯¥´¤¢±¦ C¢µ¦¨°³ª¦´ µ©¢µ ¢³¦ ¯°µ ¥ª³¦¤µ­º ¢¥¥³¦´´¦¥, ´±¦¤ªfi¤¢­­º: P³°¤¦´´
A´´¶³¢¯¤¦ ¢¯¥ C¦³µªfi¤¢µª°¯; ¢¯¥ AI S¢§¦µº F°¶¯¥¢µª°¯´. T©¦ §°³®¦³ °§ µ©¦´¦ ª´ °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©¦
¤¶³³¦¯µ ¥°¤¶®¦¯µ; µ©¦ ­¢µµ¦³ ª´ ¢ £³°¢¥ ¤¢µ¦¨°³º µ©¢µ ´±¢¯´ ®¶¤© °§ µ©¦ ¤°¯µ¦¯µ °§ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ.
C.2.6 R¦­¢µª°¯´©ª± S¶®®¢³º
F°³ ¦¢´¦ °§ ³¦§¦³¦¯¤¦, µ©¦ ³¦­¢µª°¯´©ª±´ °¶µ­ª¯¦¥ ¢£°·¦ ¢³¦ ´¶®®¢³ª´¦¥ ª¯ T¢£­¦ 16. N°µ¦ µ©¢µ µ©ª´
±³¦´¦¯µ¢µª°¯ ª´ ¥¦­ª£¦³¢µ¦­º ´ª®±­¦ ¢¯¥ µ°±-­¦·¦­.



































































































































O·¦³¢­­, µ©¦ ±³¦¤¦¥ª¯¨ ¢¯¢­º´ª´ ª¯¥ª¤¢µ¦´ µ©¢µ, £¢´¦¥ °¯ µ©¦ ´¦­¦¤µ¦¥ ¤°®±¢³¢µ°³ §³¢®¦¸°³¬´, µ©¦³¦ ¢³¦ ¯°



























A±±¦¯¥ª¹ D C°®±¢³ª´°¯ ¸ªµ© AAIP B°¥º °§ K¯°¸­¦¥¨¦
T©ª´ ¢±±¦¯¥ª¹ ±³°·ª¥¦´ ¢ ©ª¨©-­¦·¦­ ¤°®±¢³ª´°¯ £¦µ¸¦¦¯ µ©¦ °£«¦¤µª·¦´ ¦´µ¢£­ª´©¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ ¢¯¥
µ©¦ A´´¶³ª¯¨ A¶µ°¯°®º I¯µ¦³¯¢µª°¯¢­ P³°¨³¢®®¦ (AAIPI B°¥º O§ K¯°¸­¦¥¨¦ (BOKI {41} ´µ³¶¤µ¶³¦.
T° ´ª®±­ª§º ±³¦´¦¯µ¢µª°¯, ¦¢¤© ®¢ª¯ ´¦¤µª°¯ °§ µ©¦ BOK ¢³¨¶®¦¯µ ´µ³¶¤µ¶³¦ ª´ ¤°¯´ª¥¦³¦¥ ´¦±¢³¢µ¦­º ª¯ µ©¦
§°­­°¸ª¯¨ ´¶£´¦¤µª°¯´, ¸ªµ© ³¦­¦·¢¯µ °£«¦¤µª·¦´ £¦ª¯¨ ©ª¨©­ª¨©µ¦¥. B³ª¦§ ¦¹±­¢¯¢µª°¯´ ¢³¦ ±³°·ª¥¦¥ §°³ ¤¢´¦´
¸©¦³¦ µ©¦³¦ ¢³¦ ¯° ³¦­¢µ¦¥ °£«¦¤µª·¦´, §°³ ¦¹¢®±­¦, £¦¤¢¶´¦ °§ ¢ ¥ªff¦³¦¯¤¦ ª¯ ´¤°±¦ £¦µ¸¦¦¯ µ©¦ BOK ¢¯¥
µ©ª´ ¥°¤¶®¦¯µ. F°³ ¦¹¢®±­¦, µ©¦ BOK ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ¢¯ ¢³¨¶®¦¯µ µ©¢µ ¤°·¦³´ µ©¦ ¦¯µª³¦ ´º´µ¦® (°³
±­¢µ§°³®I; ¤°¯·¦³´¦­º, µ©ª´ ¥°¤¶®¦¯µ ª´ ª¯µ¦¯µª°¯¢­­º §°¤¶´´¦¥ °¯ ¢´±¦¤µ´ ³¦­¢µ¦¥ µ° ¢¶µ°¯°®º.
N°µ¦ µ©¢µ µ©¦ ¤°®±¢³ª´°¯ ³¦±°³µ¦¥ ª¯ µ©ª´ ¢±±¦¯¥ª¹ ª´ ¥¦­ª£¦³¢µ¦­º ©ª¨©-­¦·¦­, ¸ªµ© µ©¦ ¢ª® °§ ª¥¦¯µª§ºª¯¨
¸©¦µ©¦³ µ©¦³¦ ¢³¦ ¢¯º ¯°µ¢£­¦ °®ª´´ª°¯´ §³°® µ©¦ ¤°­­¦¤µª°¯ °§ °£«¦¤µª·¦´ ¥ª´¤¶´´¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ. I¯
±¢³µª¤¶­¢³, ®¢µ¤©ª¯¨ ¢¯ °£«¦¤µª·¦ µ° ¢ BOK ¦­¦®¦¯µ ¥°¦´ ¯°µ ¯¦¤¦´´¢³ª­º ®¦¢¯ µ©¢µ ´¢µª´§ºª¯¨ µ©¦ °£«¦¤µª·¦
¸ª­­ ±³°·ª¥¦ ´¶ffi¤ª¦¯µ ¦·ª¥¦¯¤¦ µ° §¶­­º ¢¥¥³¦´´ µ©¦ BOK ¦­¦®¦¯µ.
D.1 D¦fi¯ª¯¨ R¦²¶ª³¦¥ B¦©¢·ª°¶³
T¢£­¦ 17 ´©°¸´ ³¦­¦·¢¯µ °£«¦¤µª·¦´ §°³ BOK ¦­¦®¦¯µ´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ “¥¦fi¯ª¯¨ ³¦²¶ª³¦¥ £¦©¢·ª°¶³”
´¦¤µª°¯ °§ µ©¦ BOK ¢³¨¶®¦¯µ ´µ³¶¤µ¶³¦.
T¢£­¦ 17: O£«¦¤µª·¦´ C°®±¢³ª´°¯: D¦fi¯ª¯¨ R¦²¶ª³¦¥ B¦©¢·ª°¶³
BOK E­¦®¦¯µ R¦­¦·¢¯µ O£«¦¤µª·¦
1.1 I¥¦¯µª§ºª¯¨ ©¢»¢³¥´ PLT1-2, PLT1-4, PLT2-2
1.1.1 D¦fi¯ª¯¨ ´º´µ¦® ´¤°±¦ PLT1-1, PLT1-2
1.1.2 D¦fi¯ª¯¨ µ©¦ °±¦³¢µª¯¨ ¦¯·ª³°¯®¦¯µ PLT1-2, PLT2-1, PLT3-2, PLT4-1
1.1.3 D¦fi¯ª¯¨ °±¦³¢µª¯¨ ´¤¦¯¢³ª°´ PLT1-2, PLT2-1, PLT3-2, PLT4-1
1.2 I¥¦¯µª§ºª¯¨ ©¢»¢³¥°¶´ ´º´µ¦® £¦©¢·ª°¶³ PLT1-6, PLT2-3, PLT4-2
1.2.1 C°¯´ª¥¦³ª¯¨ ©¶®¢¯/ ®¢¤©ª¯¦ ª¯µ¦³¢¤µª°¯´ PLT3-1, PLT3-2, PLT3-3
1.3 D¦fi¯ª¯¨ ´¢§¦µº ³¦²¶ª³¦®¦¯µ´ PLT1-2, PLT1-3, PLT2-2
1.2.1 V¢­ª¥¢µª°¯ °§ ´¢§¦µº ³¦²¶ª³¦®¦¯µ´ PLT1-5
1.4 I®±¢¤µ °§ ´¦¤¶³ªµº °¯ ´¢§¦µº PLT1-4, PLT1-6, PLT3-4
T©ª´ µ¢£­¦ ±³°®±µ´ ´¦·¦³¢­ °£´¦³·¢µª°¯´. Fª³´µ­º, µ©¦ ³¦­¢µ¦¥ °£«¦¤µª·¦´ ¢­­ ¤°®¦ §³°® µ©¦ ±­¢µ§°³®-­¦·¦­
§³¢®¦¸°³¬: ´ª¯¤¦ µ©ª´ §³¢®¦¸°³¬ ª´ ±³ª®¢³ª­º ¤°¯¤¦³¯¦¥ ¸ªµ© ³¦²¶ª³¦®¦¯µ´, µ©ª´ ª´ ³¦¢´´¶³ª¯¨. S¦¤°¯¥­º,
®°´µ °§ µ©¦ BOK ¦­¦®¦¯µ´ ©¢·¦ ®¶­µª±­¦ ³¦­¢µ¦¥ °£«¦¤µª·¦´: µ©ª´ ª´ ¢ ¤°¯´¦²¶¦¯¤¦ °§ µ©¦ ¥ªff¦³¦¯µ ´µ³¶¤µ¶³¢­
¢±±³°¢¤©¦´ µ©¢µ ©¢·¦ £¦¦¯ ¶´¦¥; µ©ª´ ¢­´° ¦®±©¢´ª´¦´ µ©¦ ±°ª¯µ µ©¢µ, ¸©ª­´µ µ©¦º ¸¦³¦ ¢ ¶´¦§¶­ ¢ª¥ ¸©¦¯
¥¦³ª·ª¯¨ °£«¦¤µª·¦´, µ©¦ ±³°«¦¤µª°¯´ (¢¯¥ §³¢®¦¸°³¬´I ¯¦¦¥ ¯°µ £¦ ´­¢·ª´©­º §°­­°¸¦¥. T©ª³¥­º, ¢­­ °§ µ©¦
±­¢µ§°³®-­¦·¦­ °£«¦¤µª·¦´ ¢±±¦¢³ ¢µ ­¦¢´µ °¯¤¦ ª¯ µ©¦ µ¢£­¦. F°¶³µ©­º, ¤°¯´ª¥¦³ª¯¨ ¢ ®°³¦ ¥¦µ¢ª­¦¥ ±°ª¯µ, µ©¦
BOK ¥ªff¦³¦¯µª¢µ¦´ £¦µ¸¦¦¯ µ©¦ °±¦³¢µª¯¨ ¦¯·ª³°¯®¦¯µ (1.1.2I ¢¯¥ °±¦³¢µª¯¨ ´¤¦¯¢³ª°´ (1.1.3I; ¤°¯·¦³´¦­º,
µ©ª´ ¥°¤¶®¦¯µ ¥ª´µª¯¨¶ª´©¦´ £¦µ¸¦¦¯ µ©¦ ±­¢µ§°³® (ª.¦., £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯I, ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ¢¯¥
µ©¦ (¸ª¥¦³I ¦¯·ª³°¯®¦¯µ.
M°³¦ ¨¦¯¦³¢­­º, µ©ª´ ¥ª´¤¶´´ª°¯ ª¯¥ª¤¢µ¦´ µ©¢µ µ©¦ °£«¦¤µª·¦´ ­ª´µ¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ ±³°·ª¥¦ ¢¯ ¢±±³°±³ª¢µ¦







































°£´¦³·¢µª°¯ ±³°·ª¥¦´ ´°®¦ ¤°¯fi¥¦¯¤¦ ª¯ µ©¦´¦ °£«¦¤µª·¦´.
D.2 I®±­¦®¦¯µ¢µª°¯ µ° P³°·ª¥¦ µ©¦ R¦²¶ª³¦¥ B¦©¢·ª°¶³
T¢£­¦ 18 ´©°¸´ ³¦­¦·¢¯µ °£«¦¤µª·¦´ §°³ BOK ¦­¦®¦¯µ´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ “ª®±­¦®¦¯µ¢µª°¯ µ° ±³°·ª¥¦ µ©¦
³¦²¶ª³¦¥ £¦©¢·ª°¶³” ´¦¤µª°¯ °§ µ©¦ BOK ¢³¨¶®¦¯µ ´µ³¶¤µ¶³¦.
T¢£­¦ 18: O£«¦¤µª·¦´ C°®±¢³ª´°¯: I®±­¦®¦¯µ¢µª°¯ µ° P³°·ª¥¦ µ©¦
R¦²¶ª³¦¥ B¦©¢·ª°¶³
BOK E­¦®¦¯µ R¦­¦·¢¯µ O£«¦¤µª·¦
2.1 Sº´µ¦®-­¦·¦­ ·¦³ªfi¤¢µª°¯ PLT1-5
2.2 I®±­¦®¦¯µ¢µª°¯ °§ SUDA ¦­¦®¦¯µ´
A­­ ¤°®±¶µ¢µª°¯-­¦·¦­ ¢¯¥ ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ °£«¦¤µª·¦´
2.2.1 D¦fi¯ª¯¨ ³¦²¶ª³¦®¦¯µ´ §°³ SUDA ¦­¦®¦¯µ´ COM1-3, COM2-1, COM2-2
2.2.1.1 V¢­ª¥¢µª°¯ °§ ³¦²¶ª³¦®¦¯µ´ §°³ SUDA ¦­¦®¦¯µ´ COM2-1, COM2-2
2.2.2 D¦fi¯ª¯¨ ³¦²¶ª³¦®¦¯µ´ °¯ ¤°®±°¯¦¯µ´ COM1-3, COM2-1, COM2-2
2.2.2.1 V¢­ª¥¢µª°¯ °§ ³¦²¶ª³¦®¦¯µ´ °¯ ¤°®±°¯¦¯µ´ COM2-1, COM2-2
2.2.3 C°¯µ³°­­ª¯¨ ª¯µ¦³¢¤µª°¯´ £¦µ¸¦¦¯ ¤°®±°¯¦¯µ´ PLT1-3, ARC1-1, ARC1-5
2.2.4 V¦³ªfi¤¢µª°¯ °§ ³¦²¶ª³¦®¦¯µ´ §°³ SUDA ¦­¦®¦¯µ´ PLT1-5, ARC1-5
2.3 I®±­¦®¦¯µª¯¨ ³¦²¶ª³¦®¦¯µ´ ¶´ª¯¨ ML A­­ ¤°®±¶µ¢µª°¯-­¦·¦­ °£«¦¤µª·¦´
2.3.1 S¶ffi¤ª¦¯¤º °§ µ³¢ª¯ª¯¨ ¥¢µ¢ COM1-1, COM1-2, COM1-3
2.3.2 Eff¦¤µª·¦ ­¦¢³¯ª¯¨
COM2-3, COM2-4, COM2-5, COM3-1,
COM3-2
2.3.3 V¦³ªfi¤¢µª°¯ °§ µ©¦ ­¦¢³¯¦¥ ®°¥¦­ COM2-5, COM2-6, COM2-7, COM3-3
2.4 C°¯µ³°­­ª¯¨ ª¯µ¦³¢¤µª°¯´ ¸ªµ© °µ©¦³ ´º´µ¦®´ PLT2-1, PLT2-2, PLT2-3, PLT4-1
2.5 C°¯µ³°­­ª¯¨ ª¯µ¦³¢¤µª°¯´ ¢µ µ©¦ ´º´µ¦®-­¦·¦­ PLT1-1, PLT1-3
2.6 H¢¯¥­ª¯¨ ¤©¢¯¨¦ ¥¶³ª¯¨ °±¦³¢µª°¯ ARC2-2, ARC3-1, ARC3-2, PLT2-3
2.6.1 M°¯ªµ°³ª¯¨ RAS °±¦³¢µª°¯
PLT1-6, ARC1-1, ARC1-2, ARC1-3,
ARC1-4
2.7 U´ª¯¨ ´ª®¶­¢µª°¯ COM2-6, ARC3-1, PLT1-5
2.8 E¹±­¢ª¯¢£ª­ªµº COM3-3, ARC2-1, PLT3-2
C°¯´ª¥¦³¢µª°¯ °§ µ©ª´ µ¢£­¦ ©ª¨©­ª¨©µ´ ¢ ¯¶®£¦³ °§ ±°ª¯µ´. F°³ ¦¹¢®±­¦, µ©¦ BOK £³¦¢¬´ µ©¦ ´º´µ¦®
¥°¸¯ ª¯µ° SUDA ¦­¦®¦¯µ´ ¢¯¥ §¶³µ©¦³ ¥°¸¯ ª¯µ° ¤°®±°¯¦¯µ´, ¸©¦³¦¢´ µ©ª´ ¥°¤¶®¦¯µ §°¤¶´¦´ °¯
¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯°­°¨ª¦´ µ©¢µ ®¢º £¦ ¶´¦¥ ¸ªµ©ª¯, °³ µ° ¥¦­ª·¦³, ¦­¦®¦¯µ´ ¢¯¥ ¤°®±°¯¦¯µ´. T©ª´
®¦¢¯´ µ©¦ AAIP ±³°·ª¥¦´ ¢ ®°³¦ £¢­¢¯¤¦¥, ´º´µ¦®-¸ª¥¦ ±¦³´±¦¤µª·¦; ¤°¯·¦³´¦­º, £º ¥¦´ª¨¯, µ©ª´ ¥°¤¶®¦¯µ
§°¤¶´¦´ °¯ ¢´±¦¤µ´ ³¦­¢µ¦¥ µ° ¢¶µ°¯°®º.
Iµ ª´ ¢­´° ¢±±¢³¦¯µ µ©¢µ µ©¦ BOK ¦¹±­ª¤ªµ­º ©ª¨©­ª¨©µ´ ´ª®¶­¢µª°¯ (BOK E­¦®¦¯µ 2.7I. Gª·¦¯ µ©¦ ª®±°³µ¢¯¤¦ °§
µ©ª´ µ°±ª¤, µ©ª´ ¦¹±­ª¤ªµ ©ª¨©­ª¨©µª¯¨ ª´ ¢¥·¢¯µ¢¨¦°¶´. Wªµ©ª¯ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ, ´ª®¶­¢µª°¯ ª´ ¤°¯´ª¥¦³¦¥
¢µ ¦¢¤© §³¢®¦¸°³¬ ­¦·¦­. W©ª­´µ µ©ª´ ±°µ¦¯µª¢­­º ¥ª­¶µ¦´ µ©¦ ª®±°³µ¢¯¤¦ °§ µ©¦ µ°±ª¤, ªµ ¥°¦´ ¢­­°¸ ´±¦¤ªfi¤






































´ª®¶­¢µª°¯ ¢³¦ ´°®¦¸©¢µ ¥ªff¦³¦¯µ µ° µ©°´¦ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¤°®±¶µ¢µª°¯-­¦·¦­ ¢¤µª·ªµª¦´.
A­µ©°¶¨© ®¢±±ª¯¨´ ¤¢¯ £¦, ¢¯¥ ©¢·¦ £¦¦¯, ®¢¥¦, µ©ª´ ¥°¤¶®¦¯µ’́ ¤°¯´ª¥¦³¢µª°¯ °§ ª´´¶¦´ ³¦­¢µ¦¥ fl¦¦µ´ °§
¢¶µ°¯°®°¶´ ´º´µ¦®´ (¦.¨., O£«¦¤µª·¦ PLT2-3I ª´ ¯°µ ³¦¢¥ª­º ¢±±¢³¦¯µ ª¯ µ©¦ BOK.
O·¦³¢­­, µ©¦ ±³¦¤¦¥ª¯¨ ¥ª´¤¶´´ª°¯´ ¥° ¯°µ ´¶¨¨¦´µ µ©¦³¦ ¢³¦ ¢¯º ´ª¨¯ªfi¤¢¯µ °®ª´´ª°¯´ ª¯ µ©¦ °£«¦¤µª·¦´ ­ª´µ¦¥
ª¯ µ©ª´ ¥°¤¶®¦¯µ §³°® µ©¦ ±¦³´±¦¤µª·¦ °§ µ©¦ “ª®±­¦®¦¯µ¢µª°¯ µ° ±³°·ª¥¦ µ©¦ ³¦²¶ª³¦¥ £¦©¢·ª°¶³” ´¦¤µª°¯
°§ µ©¦ BOK.
D.3 U¯¥¦³´µ¢¯¥ª¯¨ ¢¯¥ C°¯µ³°­­ª¯¨ D¦·ª¢µª°¯´ §³°® R¦²¶ª³¦¥
B¦©¢·ª°¶³
T¢£­¦ 19 ´©°¸´ ³¦­¦·¢¯µ °£«¦¤µª·¦´ §°³ BOK ¦­¦®¦¯µ´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ “¶¯¥¦³´µ¢¯¥ª¯¨ ¢¯¥ ¤°¯µ³°­­ª¯¨
¥¦·ª¢µª°¯´ §³°® ³¦²¶ª³¦¥ £¦©¢·ª°¶³” ´¦¤µª°¯ °§ µ©¦ BOK ¢³¨¶®¦¯µ ´µ³¶¤µ¶³¦.
T¢£­¦ 19: O£«¦¤µª·¦´ C°®±¢³ª´°¯: U¯¥¦³´µ¢¯¥ª¯¨ ¢¯¥ C°¯µ³°­­ª¯¨
D¦·ª¢µª°¯´ §³°® R¦²¶ª³¦¥ B¦©¢·ª°¶³
BOK E­¦®¦¯µ R¦­¦·¢¯µ O£«¦¤µª·¦
3.1 I¥¦¯µªfi¤¢µª°¯ °§ ±°µ¦¯µª¢­ ¥¦·ª¢µª°¯ §³°® ³¦²¶ª³¦¥ £¦©¢·ª°¶³
ARC1-1, ARC1-2, ARC1-3, ARC1-4,
ARC1-5, PLT1-4, PLT3-2, PLT3-4
3.1.1 I¥¦¯µª§ºª¯¨ ‘S¦¯´ª¯¨’ ¥¦·ª¢µª°¯´
3.1.2 I¥¦¯µª§ºª¯¨ ‘U¯¥¦³´µ¢¯¥ª¯¨’ ¥¦·ª¢µª°¯´
3.1.3 I¥¦¯µª§ºª¯¨ ‘D¦¤ª¥ª¯¨’ ¥¦·ª¢µª°¯´
3.1.4 I¥¦¯µª§ºª¯¨ ‘A¤µª¯¨’ ¥¦·ª¢µª°¯´
3.1.5 I¥¦¯µª§ºª¯¨ ª¯§³¢´µ³¶¤µ¶³¦ ¥¦·ª¢µª°¯´
3.1.6 I¥¦¯µª§ºª¯¨ ML ¥¦·ª¢µª°¯´
3.1.7 I¥¦¯µª§ºª¯¨ ª¯µ¦³¢¤µª°¯ ¥¦·ª¢µª°¯´
3.1.8 I¥¦¯µª§ºª¯¨ ©¶®¢¯ / ®¢¤©ª¯¦ ª¯µ¦³¢¤µª°¯ ¥¦·ª¢µª°¯´
3.2 Mªµª¨¢µª¯¨ ±°µ¦¯µª¢­ ¥¦·ª¢µª°¯´ PLT1-4
3.2.1 F¢ª­¶³¦ ®ªµª¨¢µª°¯ ARC1-3
3.2.2 M¢¯¢¨ª¯¨ ¢´´¶³¢¯¤¦ ¥¦fi¤ªµ´ O¶µ °§ ´¤°±¦
T©ª´ µ¢£­¦ ¤­¦¢³­º ª­­¶´µ³¢µ¦´ µ©¦ ¥ªff¦³¦¯µ ±©ª­°´°±©ª¦´ ¢¥°±µ¦¥ £º µ©¦ BOK ¢¯¥ µ©ª´ ¥°¤¶®¦¯µ. A´ ¯°µ¦¥
¦¢³­ª¦³, µ©¦ §°³®¦³ ¢¥°±µ´ ¢ £¢­¢¯¤¦¥, ´º´µ¦®-¸ª¥¦ ¢±±³°¢¤© µ©¢µ ¢¥¥³¦´´¦´ ¢­­ ¢´±¦¤µ´ °§ ´¢§¦µº; ªµ ¢­´°
´¦±¢³¢µ¦­º ©ª¨©­ª¨©µ´ ¦¢¤© °§ µ©¦ SUDA ¦­¦®¦¯µ´. C°¯·¦³´¦­º, µ©ª´ ¥°¤¶®¦¯µ ª´ ¥¦­ª£¦³¢µ¦­º §°¤¶´¦¥ °¯
¢¶µ°¯°®º-³¦­¢µ¦¥ ªµ¦®´ ¢¯¥ ª´ ­¢³¨¦­º ¢¨¯°´µª¤ °§ ¸©¦³¦ µ©¦´¦ ¢³¦ ¶´¦¥ ¸ªµ©ª¯ ¢ ´º´µ¦® (°³ ±­¢µ§°³®I
¢³¤©ªµ¦¤µ¶³¦.
T©¦ µ¢£­¦ ¢­´° ´©°¸´ µ©¦ BOK’́ ¦¹±­ª¤ªµ §°¤¶´ °¯ ¢´´¶³¢¯¤¦, ´°®¦µ©ª¯¨ µ©¢µ ª´ ®°³¦ ª®±­ª¤ªµ ¸ªµ©ª¯ µ©¦
¤¶³³¦¯µ ¥°¤¶®¦¯µ. I¯ ±¢³µª¤¶­¢³, µ©¦ ­¢¤¬ °§ °£«¦¤µª·¦´ µ©¢µ ¥ª³¦¤µ­º ³¦­¢µ¦ µ° µ©¦ ®¢¯¢¨¦®¦¯µ °§ ¢´´¶³¢¯¤¦
¥¦fi¤ªµ´ (BOK E­¦®¦¯µ 3.2.2I ª´ ¯°µ ¤°¯´ª¥¦³¦¥ µ° £¦ ¢ ´ª¨¯ªfi¤¢¯µ °®ª´´ª°¯. T©ª´ ´©°¶­¥ °¤¤¶³ ¯¢µ¶³¢­­º
µ©³°¶¨© ¢±±³°±³ª¢µ¦ ¤°¯´ª¥¦³¢µª°¯ °§ µ©¦ ·¢³ª°¶´ °£«¦¤µª·¦´ ª¯ µ©ª´ ¥°¤¶®¦¯µ.
M°³¦ ¨¦¯¦³¢­­º, µ©¦³¦ ¥° ¯°µ ¢±±¦¢³ µ° £¦ ¢¯º ´ª¨¯ªfi¤¢¯µ °®ª´´ª°¯´ ª¯ µ©¦ °£«¦¤µª·¦´ ­ª´µ¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ








































D.4 G¢ª¯ª¯¨ A±±³°·¢­ §°³ O±¦³¢µª°¯
T¢£­¦ 20 ´©°¸´ ³¦­¦·¢¯µ °£«¦¤µª·¦´ §°³ BOK ¦­¦®¦¯µ´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ “¨¢ª¯ª¯¨ ¢±±³°·¢­ §°³ °±¦³¢µª°¯”
´¦¤µª°¯ °§ µ©¦ BOK ¢³¨¶®¦¯µ ´µ³¶¤µ¶³¦.
T¢£­¦ 20: O£«¦¤µª·¦´ C°®±¢³ª´°¯: G¢ª¯ª¯¨ A±±³°·¢­ §°³ O±¦³¢µª°¯
BOK E­¦®¦¯µ R¦­¦·¢¯µ O£«¦¤µª·¦
4.1 C°¯§°³®ª¯¨ µ° ³¶­¦´ ¢¯¥ ³¦¨¶­¢µª°¯´
O¶µ °§ ´¤°±¦4.1.1 I¥¦¯µª§ºª¯¨ ¢±±­ª¤¢£­¦ ³¶­¦´ ¢¯¥ ³¦¨¶­¢µª°¯´
4.1.2 U¯¥¦³´µ¢¯¥ª¯¨ µ©¦ ³¦²¶ª³¦®¦¯µ´ ³¶­¦´ ¢¯¥ ³¦¨¶­¢µª°¯´
4.2 Rª´¬ ¢¤¤¦±µ¢¯¤¦
O¶µ °§ ´¤°±¦4.2.1 E·¢­¶¢µª¯¨ ³ª´¬´ ¢¯¥ £¦¯¦fiµ´ °§ RAS °±¦³¢µª°¯
4.2.2 C°¯´ª¥¦³¢µª°¯ °§ ¦µ©ª¤¢­ ª´´¶¦´
4.3 P³°·ª´ª°¯ °§ ´¶ffi¤ª¦¯µ ¤°¯fi¥¦¯¤¦ ª¯ µ©¦ ³¦²¶ª³¦¥ £¦©¢·ª°¶³ COM2-5, PLT1-2, PLT1-5
4.4 P³°·ª´ª°¯ §°³ ª¯·¦´µª¨¢µª°¯ °§ ª¯¤ª¥¦¯µ´ ¢¯¥ ¢¤¤ª¥¦¯µ´ COM3-4, ARC2-3
T©ª´ µ¢£­¦ ª­­¶´µ³¢µ¦´ µ©¦ ¥ªff¦³¦¯µ ´¤°±¦´ °§ µ©¦ BOK ¢¯¥ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ. I¯ ±¢³µª¤¶­¢³, µ©¦ BOK
ª¯¤­¶¥¦´ ­¢¸´ ¢¯¥ ³¦¨¶­¢µª°¯´, ¸©ª¤© ¢³¦ ª¯µ¦¯µª°¯¢­­º °¶µ °§ ´¤°±¦ §°³ µ©ª´ ¥°¤¶®¦¯µ, ¢´ µ©¦º ¢³¦ ¦¹±¦¤µ¦¥
µ° £¦ ¢¥¥³¦´´¦¥ £º ´µ¢¯¥¢³¥ ´º´µ¦® ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´¦´. T©¦ BOK ¢­´° ¦¹±­ª¤ªµ­º ¤°¯´ª¥¦³´ ¦µ©ª¤´ ¢¯¥
³ª´¬´ °§ ¥¦±­°º®¦¯µ. T©¦ §°³®¦³, ¸©ª­´µ ª®±°³µ¢¯µ, ª´ °¶µ °§ ´¤°±¦ §°³ µ©ª´ ¥°¤¶®¦¯µ. T©¦ ­¢µµ¦³ ª´ ¯°µ
ª¥¦¯µªfi¦¥ ¢´ ¢ ´¦±¢³¢µ¦ ªµ¦® ª¯ µ©ª´ ¥°¤¶®¦¯µ, £¶µ ´¢µª´§ºª¯¨ µ©¦ ¢´´°¤ª¢µ¦¥ °£«¦¤µª·¦´ ´©°¶­¥ ±³°·ª¥¦ ¢
¤°¯´ª¥¦³¢£­¦ £°¥º °§ ¦·ª¥¦¯¤¦ µ° ª¯§°³® ³ª´¬ ¦·¢­¶¢µª°¯´.
Gª·¦¯ µ©¦´¦ ¤°¯´ª¥¦³¢µª°¯´, ¢¯¥ µ¢¬ª¯¨ ª¯µ° ¢¤¤°¶¯µ µ©¦ ª¯µ¦¯¥¦¥ ´¤°±¦ °§ µ©ª´ ¥°¤¶®¦¯µ, µ©ª´ µ¢£­¦ ¥°¦´
¯°µ ´¶¨¨¦´µ ¢¯º ´ª¨¯ªfi¤¢¯µ °®ª´´ª°¯´ ª¯ µ©ª´ ¥°¤¶®¦¯µ’́ °£«¦¤µª·¦´ §³°® µ©¦ ±¦³´±¦¤µª·¦ °§ µ©¦ “¨¢ª¯ª¯¨
¢±±³°·¢­ §°³ °±¦³¢µª°¯” ´¦¤µª°¯ °§ µ©¦ BOK.
D.5 N°¯-R¦­¢µ¦¥ O£«¦¤µª·¦´
C°­­¦¤µª·¦­º, µ©¦ ±³¦¤¦¥ª¯¨ §°¶³ µ¢£­¦´ ª¯¤­¶¥¦ ¢­­ £¶µ §°¶³ °§ µ©¦ °£«¦¤µª·¦´ ­ª´µ¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ.
C°­­¦¤µª·¦­º, µ©¦´¦ §°¶³ °£«¦¤µª·¦´ ®¢¬¦ ¶± µ©¦ ´°§µ¸¢³¦ ¢¯¥ ©¢³¥¸¢³¦ ±³°«¦¤µª°¯´, £°µ© °§ ¸©ª¤© ³¦­¢µ¦ µ°
µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ¸¦³¦ ®°µª·¢µ¦¥ £º µ©¦ ¢¶µ°¯°®º-§°¤¶´¦¥, ±³°«¦¤µª°¯-£¢´¦¥
¸¢º µ©¢µ °£«¦¤µª·¦´ ¸¦³¦ ¥¦³ª·¦¥. I¯ ¤°¯µ³¢´µ, µ©ª´ ­°¸-­¦·¦­, ¤³°´´-¤¶µµª¯¨ ¤°¯¤¦³¯ ¥°¦´ ¯°µ ³¦¢¥ª­º ¢±±¦¢³
§³°® µ©¦ ¢±±³°¢¤© ¢¥°±µ¦¥ ¸ªµ©ª¯ µ©¦ BOK. D¦´±ªµ¦ µ©ª´, µ©¦ °£«¦¤µª·¦´ ³¦®¢ª¯ ª®±°³µ¢¯µ.
T©¦ SASWG ·ª¦¸ µ©¦ ¥ªff¦³¦¯µ ¢±±³°¢¤©¦´ ¢¥°±µ¦¥ £º µ©¦ BOK ¢¯¥ µ©ª´ ¥°¤¶®¦¯µ ¢´ ´µ³¦¯¨µ©´ ³¢µ©¦³
µ©¢¯ ¸¦¢¬¯¦´´¦´. T¢¬ª¯¨ ¥ªff¦³¦¯µ ¢±±³°¢¤©¦´ µ° ­¢³¨¦­º µ©¦ ´¢®¦ ²¶¦´µª°¯ (¢¤¤¦±µª¯¨ µ©¦³¦ ª´ ´°®¦
¥ªff¦³¦¯¤¦ ª¯ µ©¦ ³¦´±¦¤µª·¦ ´¤°±¦´I ©¦­±´ ¦¯´¶³¦ ¯°µ©ª¯¨ ª´ °·¦³­°°¬¦¥. T° µ©¢µ ¦¯¥, µ©¦ µ°±-­¦·¦­
®¢±±ª¯¨´ ¦´µ¢£­ª´©¦¥ ª¯ µ©ª´ ¢±±¦¯¥ª¹ ±³°·ª¥¦ ´°®¦ ¤°¯fi¥¦¯¤¦ µ©¢µ µ©¦ ¤°­­¦¤µª°¯ °§ °£«¦¤µª·¦´ ­ª´µ¦¥











A±±¦¯¥ª¹ E C°®±¢³ª´°¯ ¸ªµ© UL4600
T©ª´ ¢±±¦¯¥ª¹ ±³°·ª¥¦´ ¢ ©ª¨©-­¦·¦­ ¤°®±¢³ª´°¯ £¦µ¸¦¦¯ µ©¦ °£«¦¤µª·¦´ ¦´µ¢£­ª´©¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ
¢¯¥ ¢ ¥³¢§µ ·¦³´ª°¯ (¥¢µ¦¥ 2 O¤µ°£¦³ 2019I °§ UL4600 {82} ¸©ª¤© ©¢´ £¦¦¯ ¥¦·¦­°±¦¥ £º U¯¥¦³¸³ªµ¦³´
L¢£°³¢µ°³ª¦´ (ULI ¢¯¥ E¥¨¦ C¢´¦ R¦´¦¢³¤© (ECRI.
T©¦ ³¦­¢µª·¦ ±¶£­ª¤¢µª°¯ µª®ª¯¨´ °§ UL 4600 ¢¯¥ µ©ª´ ¥°¤¶®¦¯µ, µ°¨¦µ©¦³ ¸ªµ© µ©¦ ¥³¢§µ ¯¢µ¶³¦ °§ UL4600,
®¦¢¯µ µ©¢µ ¢¯ °£«¦¤µª·¦-£º-°£«¦¤µª·¦ ¤°®±¢³ª´°¯ ¸¢´ ¯¦ªµ©¦³ §¦¢´ª£­¦ ¯°³ ´¦¯´ª£­¦. C°¯´¦²¶¦¯µ­º, µ©¦
¤°®±¢³ª´°¯ ©¢´ §°¤¶´¦¥ °¯ ª¥¦¯µª§ºª¯¨ °£«¦¤µª·¦´ °³ ±³°«¦¤µª°¯´ §³°® µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ µ©¢µ ®¢± µ°
µ©¦ ·¢³ª°¶´ ´¦¤µª°¯ ©¦¢¥ª¯¨´ ª¯ UL4600. T©ª´ ±³°·ª¥¦´ ´°®¦ ¤°¯fi¥¦¯¤¦ µ©¢µ ³¦­¦·¢¯µ µ°±ª¤´ ©¢·¦ £¦¦¯
¢¥¥³¦´´¦¥: ªµ ¥°¦´ ¯°µ ª¯¥ª¤¢µ¦ µ©¢µ ¤°®±­ª¢¯¤¦ ¸ªµ© µ©ª´ ¥°¤¶®¦¯µ ¨¶¢³¢¯µ¦¦´ ¤°®±­ª¢¯¤¦ ¸ªµ© UL4600,
°³ ·ª¤¦ ·¦³´¢.
E¢¤© ´¦¤µª°¯ °§ UL4600 µ©¢µ ¤°¯µ¢ª¯´ °£«¦¤µª·¦´ ª´ ¤°¯´ª¥¦³¦¥ ª¯ µ¶³¯ £¦­° .̧ T©ª´ ª´ §°­­°¸¦¥ £º ¢ ·¦³º £³ª¦§
´¶®®¢³º °§ µ©¦ ¤°¯¤­¶´ª°¯´ §³°® µ©ª´ ¤°®±¢³ª´°¯ ¦¹¦³¤ª´¦.
E.1 UL4600 S¦¤µª°¯´
E.1.1 S¢§¦µº C¢´¦ ¢¯¥ A³¨¶®¦¯µ´
T©ª´ ´¦¤µª°¯ °§ UL4600 ª´ ®¢ª¯­º ¤°¯¤¦³¯¦¥ ¸ªµ© µ©¦ ´µ³¶¤µ¶³¦, ¤°¯µ¦¯µ ¢¯¥ ±³¦´¦¯µ¢µª°¯ °§ µ©¦
±­¢µ§°³®-­¦·¦­ ´¢§¦µº ¤¢´¦. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ¢³¦ °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©ª´ ¥°¤¶®¦¯µ. H°¸¦·¦³, ªµ ª´
¯°µ¦¥ µ©¢µ ¢ ±­¢µ§°³®-­¦·¦­ ´¢§¦µº ¢³¨¶®¦¯µ ¸°¶­¥ £¦ ¦¹±¦¤µ¦¥ µ° £¦ ´¶±±°³µ¦¥ £º µ©¦ ´°³µ °§ ¦·ª¥¦¯¤¦
±³°¥¶¤¦¥ ·ª¢ ¤°®±­ª¢¯¤¦ ¸ªµ© µ©¦ °£«¦¤µª·¦´ ª¯ µ©ª´ ¥°¤¶®¦¯µ.
E.1.2 Rª´¬ A´´¦´´®¦¯µ
T©ª´ ´¦¤µª°¯ °§ UL4600 ¤°¯´ª¥¦³´ §¢¶­µ ¢¯¥ ©¢»¢³¥ ª¥¦¯µªfi¤¢µª°¯, ³ª´¬ ¦·¢­¶¢µª°¯ ¢¯¥ ³ª´¬ ®ªµª¨¢µª°¯. T©¦´¦
µ°±ª¤´ ¢³¦ ¤°¯´ª¥¦³¦¥ ª¯ ·¢³ª°¶´ ±­¢¤¦´ ª¯ µ©ª´ ¥°¤¶®¦¯µ. E¹¢®±­¦´ ª¯¤­¶¥¦ O£«¦¤µª·¦´ PLT1-2, PLT1-3 ¢¯¥
PLT1-4, ¸©ª¤© ³¦­¢µ¦ µ° µ©¦ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯ ±³°«¦¤µª°¯ ¸ªµ©ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬. Oµ©¦³
±³°«¦¤µª°¯´ ª¯ µ©¢µ §³¢®¦¸°³¬ ¢³¦ ¢­´° ³¦­¦·¢¯µ, ª¯¤­¶¥ª¯¨: O£«¦¤µª·¦ PLT2-3, ¸©ª¤© ¤°¯´ª¥¦³´ ª¯µ¦³¢¤µª¯¨
ªµ¦®´; O£«¦¤µª·¦ PLT3-1, ¸©ª¤© ¤°¯´ª¥¦³´ ±¦°±­¦; ¢¯¥ O£«¦¤µª·¦ PLT4-1, ¸©ª¤© ¤°¯´ª¥¦³´ µ©¦ ¦¯·ª³°¯®¦¯µ.
E.1.3 I¯µ¦³¢¤µª°¯ ¸ªµ© H¶®¢¯´ ¢¯¥ R°¢¥ U´¦³´
T©¦ µªµ­¦ °§ µ©ª´ UL4600 ´¦¤µª°¯ ª­­¶´µ³¢µ¦´ ©°¸ ªµ´ ´¤°±¦ (°³ ¢µ ­¦¢´µ ªµ´ ¨¦¯¦´ª´I ¥ªff¦³´ §³°® µ©ª´ ¥°¤¶®¦¯µ.
I¯ ±¢³µª¤¶­¢³, UL4600 ©¢´ ¢¯ ª®±­ª¤ªµ §°¤¶´ °¯ ¢¶µ°¯°®°¶´ ³°¢¥ ·¦©ª¤­¦´, ¸©¦³¦¢´ µ©ª´ ¥°¤¶®¦¯µ ª´
ª¯µ¦¯¥¦¥ µ° ¤°·¦³ ¢ ®¶¤© ¸ª¥¦³ ·¢³ª¦µº °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´ ª¯¤­¶¥ª¯¨, §°³ ¦¹¢®±­¦, ®¦¥ª¤¢­ ¥ª¢¨¯°´ª´
´º´µ¦®´.
T©¦ ¨¦¯¦³¢­ ¤°¯µ¦¯µ´ °§ µ©ª´ UL4600 ´¦¤µª°¯ ¢³¦ ¢¥¥³¦´´¦¥ £º ±³°«¦¤µª°¯´ ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬,
§°³ ¦¹¢®±­¦: O£«¦¤µª·¦ PLT2-2 ª¯ µ©¦ ª¯µ¦³¢¤µª¯¨ ªµ¦®´ ±³°«¦¤µª°¯; O£«¦¤µª·¦ PLT3-1 ª¯ µ©¦ ±¦°±­¦
±³°«¦¤µª°¯; ¢¯¥ O£«¦¤µª·¦ PLT4-1 ª¯ µ©¦ ¦¯·ª³°¯®¦¯µ ±³°«¦¤µª°¯. T©¦³¦ ¢³¦, ª¯¦·ªµ¢£­º, ´°®¦ ¥ªff¦³¦¯¤¦´
ª¯ µ©¦ ¥¦µ¢ª­: §°³ ¦¹¢®±­¦, UL4600 ¦¹±­ª¤ªµ­º ª¥¦¯µªfi¦´ ¢¯ª®¢­´, ¸©¦³¦¢´ µ©ª´ ¥°¤¶®¦¯µ ª´ ­¦´´ ±³¦´¤³ª±µª·¦




























E.1.4 A¶µ°¯°®º F¶¯¤µª°¯´ ¢¯¥ S¶±±°³µ
T©ª´ ´¦¤µª°¯ °§ UL4600 ¤°¯´ª¥¦³´ (¶´ª¯¨ µ©¦ µ¦³®ª¯°­°¨º °§ µ©ª´ ¥°¤¶®¦¯µI ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯ª²¶¦´.
Iµ ¢­´° ¤°¯´ª¥¦³´ ¥¦fi¯ªµª°¯ °§ µ©¦ °±¦³¢µª°¯¢­ ¥¦´ª¨¯ ¥°®¢ª¯ ¢¯¥ ´±¦¤ªfi¤ ±­¢µ§°³®-­¦·¦­ §¶¯¤µª°¯´ µ©¢µ ®¢º
£¦ ¢¶µ°¯°®º-³¦­¢µ¦¥ (¦.¨., ´¦¯´ª¯¨, ±¦³¤¦±µª°¯, ±­¢¯¯ª¯¨, ±³¦¥ª¤µª°¯I. C°¯´ª¥¦³¢µª°¯´ ³¦­¢µ¦¥ µ° µª®ª¯¨ ¢³¦
¢­´° ª¯¤­¶¥¦¥.
Aµ µ©¦ ±­¢µ§°³®-­¦·¦­, ¶´¦ °§ ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯ª²¶¦´ ª´ ¢¥¥³¦´´¦¥ £º µ©¦ £º µ©¦ £¦©¢·ª°¶³¢­
´±¦¤ªfi¤¢µª°¯ ±³°«¦¤µª°¯, §°³ ¦¹¢®±­¦, O£«¦¤µª·¦ PLT1-1. Wªµ© ³¦¨¢³¥´ µ° ±­¢µ§°³®-­¦·¦­ §¶¯¤µª°¯´, µ©ª´
¥°¤¶®¦¯µ ª´ ­¦´´ ¥¦´¤³ª±µª·¦ µ©¢¯ UL4600. H°¸¦·¦³, ´ª®ª­¢³ ¯°µª°¯´ ¢³¦ ³¦±³¦´¦¯µ¦¥, §°³ ¦¹¢®±­¦: ´¦¯´ª¯¨
¢¯¥ ±¦³¤¦±µª°¯ ¢³¦ ³¦­¢µ¦¥ µ° O£«¦¤µª·¦ PLT4-2 ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬; ¶¯¥¦³´µ¢¯¥ª¯¨ µ©¦
±¦³§°³®¢¯¤¦ °§ ML ¢­¨°³ªµ©®´ ª´ ¢¥¥³¦´´¦¥ £º O£«¦¤µª·¦´ COM2-3 ¢¯¥ COM2-4, §³°® µ©¦ µ¢´¬ ±³°«¦¤µª°¯
ª¯ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬; ­ª¬¦¸ª´¦, µª®ª¯¨ ³¦²¶ª³¦®¦¯µ´ ¢³¦ ¢¥¥³¦´´¦¥ £º O£«¦¤µª·¦ COM2-2.
E.1.5 S°§µ¸¢³¦ ¢¯¥ Sº´µ¦® E¯¨ª¯¦¦³ª¯¨ P³°¤¦´´¦´
T©¦ ¤°¯µ¦¯µ´ °§ µ©ª´ ´¦¤µª°¯ °§ UL4600 ¢³¦ ¤­¦¢³­º ¥¦´¤³ª£¦¥ £º ªµ´ µªµ­¦. F³°® µ©¦ ±¦³´±¦¤µª·¦ °§
µ©ª´ ¥°¤¶®¦¯µ, ´°§µ¸¢³¦ ¥¦·¦­°±®¦¯µ ±³°¤¦´´¦´ ¢³¦ ¤°·¦³¦¥ £º O£«¦¤µª·¦ COM4-1 §³°® µ©¦ ´°§µ¸¢³¦
±³°«¦¤µª°¯ ª¯ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬; ­ª¬¦¸ª´¦, (¤°®±¶µ¢µª°¯¢­I ©¢³¥¸¢³¦ ¥¦·¦­°±®¦¯µ ±³°¤¦´´¦´
¢³¦ ¤°·¦³¦¥ £º O£«¦¤µª·¦ COM5-1 §³°® µ©¦ ©¢³¥¸¢³¦ ±³°«¦¤µª°¯ ª¯ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬.
S°§µ¸¢³¦ ¢¯¥ ©¢³¥¸¢³¦ ±³°¤¦´´¦´ ¢³¦ ¦¹±­ª¤ªµ­º ª¯¤­¶¥¦¥ ¢´ µ©¦³¦ ¢³¦ ¢¶µ°¯°®º-´±¦¤ªfi¤ ¤°¯´ª¥¦³¢µª°¯´
³¦­¦·¢¯µ µ° µ©¦´¦ ¢³¦¢´. C°¯·¦³´¦­º, ¸ªµ©ª¯ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ µ©¦³¦ ª´ ¯° ¤°³³¦´±°¯¥ª¯¨ °£«¦¤µª·¦ §°³
´º´µ¦®-­¦·¦­ ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´¦´. T©ª´ ³¦fl¦¤µ´ ¢ ¥¦­ª£¦³¢µ¦ §°¤¶´ °¯ ¢´±¦¤µ´ ¥ª³¦¤µ­º ³¦­¢µ¦¥ µ° ¢¶µ°¯°®º
¢¯¥ µ©¦ ¢´´°¤ª¢µ¦¥ ¥¦´ª³¦ µ° ¢·°ª¥ ¥¶±­ª¤¢µª¯¨ ¦¹ª´µª¯¨ ¨¶ª¥¢¯¤¦ °¯ ¨¦¯¦³¢­ µ°±ª¤´. M°³¦ ´±¦¤ªfi¤¢­­º, µ©¦
¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬ ´©°¶­¥ ¢­­°¸ ¢¶µ°¯°®º-¦¯¢£­ª¯¨ µ¦¤©¯°­°¨ª¦´ µ° £¦ ª¯¤°³±°³¢µ¦¥
¸ªµ©ª¯ ´µ¢¯¥¢³¥ ´º´µ¦® ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´¦´.
E.1.6 D¦±¦¯¥¢£ª­ªµº
T©ª´ ´¦¤µª°¯ °§ UL4600 ¤°¯´ª¥¦³´ ®¢ª¯µ¢ª¯ª¯¨ ´¢§¦µº ª¯ µ©¦ ±³¦´¦¯¤¦ °§ §¢¶­µ´, ª¯¤­¶¥ª¯¨ §¢¶­µ ¥¦µ¦¤µª°¯
¢¯¥ ³¦¤°·¦³º. T©¦ ¶´¦ °§ ³¦¥¶¯¥¢¯¤º ¢¯¥ ª´°­¢µª°¯ ¢³¦ ¢­´° ¤°·¦³¦¥, ¢´ ¢³¦ ª¯¤ª¥¦¯µ ³¦´±°¯´¦ ¢¯¥ ¤º£¦³
´¦¤¶³ªµº.
Wªµ©ª¯ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ, ¥¦±¦¯¥¢£ª­ªµº (ª¯¤­¶¥ª¯¨ §¢¶­µ ±³¦·¦¯µª°¯ ¢¯¥ §¢¶­µ µ°­¦³¢¯¤¦I ª´ ¤°·¦³¦¥
¢µ ¢­­ µ©³¦¦ §³¢®¦¸°³¬ ­¦·¦­´. R¦­¦·¢¯µ ¦¹¢®±­¦´ ª¯¤­¶¥¦: O£«¦¤µª·¦´ COM4-2 ¢¯¥ COM5-2 ¢µ
µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­; ¢­­ °§ µ©¦ °£«¦¤µª·¦´ ³¦­¢µ¦¥ µ° µ©¦ µ°­¦³¢¯¤¦ ±³°«¦¤µª°¯ ª¯ µ©¦ ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦-­¦·¦­; ¢¯¥ O£«¦¤µª·¦´ PLT1-4 ¢¯¥ PLT1-6 ¢µ µ©¦ ±­¢µ§°³®-­¦·¦­. Lª¬¦¸ª´¦, ª¯¤ª¥¦¯µ ³¦´±°¯´¦
ª´ ¤°·¦³¦¥ ¢¤³°´´ ¢ ¯¶®£¦³ °§ ­¦·¦­´, §°³ ¦¹¢®±­¦, ·ª¢ O£«¦¤µª·¦´ COM3-4, ARC2-3 ¢¯¥ PLT3-2. T©¦ ´¢®¦
ª´ ¢­´° µ³¶¦ §°³ ¤º£¦³ ´¦¤¶³ªµº; ³¦­¦·¢¯µ ªµ¦®´ ª¯¤­¶¥¦ O£«¦¤µª·¦´ ARC1-4, ARC2-4, ARC3-1, PLT1-6 ¢¯¥
PLT3-4.
E.1.7 D¢µ¢ ¢¯¥ N¦µ¸°³¬ª¯¨
T©ª´ ´¦¤µª°¯ °§ UL4600 ¤°¯´ª¥¦³´ ¥¢µ¢ ¤°®®¶¯ª¤¢µª°¯´ ¢¯¥ ¯¦µ¸°³¬´ (¦´´¦¯µª¢­­º, ¥¢µ¢ ª¯ ®°µª°¯I, ¥¢µ¢
´µ°³¢¨¦ (¦´´¦¯µª¢­­º, ¥¢µ¢ ¢µ ³¦´µI ¢¯¥ ¢´´°¤ª¢µ¦¥ ª¯§³¢´µ³¶¤µ¶³¦. T©¦ ´¦¤µª°¯ ¢±±¦¢³´ µ° §°¤¶´ °¯ ¥¢µ¢
¤°®®¶¯ª¤¢µª°¯´ µ°, §³°® ¢¯¥ ¸ªµ©ª¯ ¢ ±­¢µ§°³®, µ©¢µ ª´, “±­¢µ§°³® ¥¢µ¢”: ¥¢µ¢ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ³¢ª¯ª¯¨
¢­¨°³ªµ©®´ ¶´ª¯¨ ML ª´ ¤°·¦³¦¥ ª¯ µ©¦ “A¶µ°¯°®º F¶¯¤µª°¯´ ¢¯¥ S¶±±°³µ” ´¦¤µª°¯. T©¦ ¤°¯¤¦±µ °§ “±­¢µ§°³®


























¦¹¢®±­¦, ¥¢µ¢-³¦­¢µ¦¥ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´ ´©°¶­¥ £¦®¢¯¢¨¦¥ £º O£«¦¤µª·¦´ ARC1-1 ¢¯¥ ARC1-3, ³¦¨¢³¥­¦´´
°§ ¸©¦µ©¦³ µ©¦ ¥¢µ¢ ª´ ª¯ ®°µª°¯ °³ ¢µ ³¦´µ.
E.1.8 V¦³ªfi¤¢µª°¯, V¢­ª¥¢µª°¯ ¢¯¥ T¦´µ
I¯ ¢¥¥ªµª°¯ µ° µ©¦ µ©³¦¦ µ°±ª¤´ ­ª´µ¦¥ ª¯ µ©¦ ´¦¤µª°¯ µªµ­¦, µ©ª´ ´¦¤µª°¯ °§ UL4600 ¢­´° ª¯¤­¶¥¦´ ³¶¯-µª®¦
®°¯ªµ°³ª¯¨ ¢¯¥ ¶±¥¢µ¦´ µ° µ©¦ ´¢§¦µº ¤¢´¦. Wªµ©ª¯ µ©ª´ ¥°¤¶®¦¯µ, µ©¦ ¤°¯¤¦±µ´ °§ ·¦³ªfi¤¢µª°¯, ·¢­ª¥¢µª°¯
¢¯¥ µ¦´µ ¢³¦ ¤°¯´ª¥¦³¦¥ ¢µ £°µ© µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ (¦.¨., O£«¦¤µª·¦´ COM2-3 ¢¯¥ COM2-5I ¢¯¥ µ©¦
±­¢µ§°³®-­¦·¦­ (¦.¨., O£«¦¤µª·¦ PLT1-5I. R¶¯-µª®¦ ®°¯ªµ°³ª¯¨ ª´ ¢¥¥³¦´´¦¥ µ©³°¶¨© O£«¦¤µª·¦ PLT1-6. T©¦
´±¦¤ªfi¤ ¯¢µ¶³¦ ¢¯¥ ¤°¯´µ³¶¤µ °§ ¢ ´¢§¦µº ¤¢´¦ ¢³¦ °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©ª´ ¥°¤¶®¦¯µ; ­ª¬¦¸ª´¦, ¶±¥¢µ¦´ µ°
µ©¦ ´¢§¦µº ¤¢´¦ ¢³¦ ¢­´° °¶µ °§ ´¤°±¦.
E.1.9 T°°­ Qualification, COTS and Legacy Components
T©¦ ¤°¯µ¦¯µ´ °§ µ©ª´ UL4600 ´¦¤µª°¯ ¢³¦ ¢´ ª¯¥ª¤¢µ¦¥ £º ªµ´ µªµ­¦. F³°® µ©¦ ±¦³´±¦¤µª·¦ °§ µ©ª´ ¥°¤¶®¦¯µ,
²¶¢­ªfi¤¢µª°¯ °§ ´°§µ¸¢³¦ ¢¯¥ ©¢³¥¸¢³¦ ¦¯¨ª¯¦¦³ª¯¨ µ°°­´ ª´ ¤°·¦³¦¥ £º O£«¦¤µª·¦´ COM4-1 ¢¯¥ COM5-1,
³¦´±¦¤µª·¦­º. C°®®¦³¤ª¢­ Off-T©¦-S©¦­§ (COTSI ªµ¦®´ ¢³¦ ¯°µ ¦¹±­ª¤ªµ­º ¢¥¥³¦´´¦¥ £º µ©ª´ ¥°¤¶®¦¯µ,
®¢ª¯­º £¦¤¢¶´¦ ´°®¦ ³¦¢¥¦³´ ¤¢¯ ª¯µ¦³±³¦µ µ©¦ µ¦³® µ°° ¯¢³³°¸­º, §°³ ¦¹¢®±­¦, ¦¹¤­¶¥ª¯¨ °±¦¯ ´°¶³¤¦
§³¢®¦¸°³¬´ ¢¯¥ ±³¦-µ³¢ª¯¦¥ ML ®°¥¦­´. H°¸¦·¦³, ´°®¦ ³¦­¦·¢¯µ ¤°¯¤¦±µ´ ¢³¦ ¤°·¦³¦¥, §°³ ¦¹¢®±­¦, £º
O£«¦¤µª·¦´ ARC1-4 ¢¯¥ PLT3-4.
E.1.10 Lifecycle Concerns
T©ª´ ´¦¤µª°¯ °§ UL4600 ´µ¦±´ µ©³°¶¨© µº±ª¤¢­ ­ª§¦¤º¤­¦ ±©¢´¦´, ª¯¤­¶¥ª¯¨ ³¦²¶ª³¦®¦¯µ´, ¥¦´ª¨¯,
®¢¯¶§¢¤µ¶³ª¯¨, °±¦³¢µª°¯ ¢¯¥ ¥ª´±°´¢­. Iµ ¢­´° ª¯¤­¶¥¦´ fi¦­¥ ®°¥ªfi¤¢µª°¯´ ¢¯¥ ¶±¥¢µ¦´.
T©ª´ ¥°¤¶®¦¯µ ¥°¦´ ¯°µ ª¯¤­¶¥¦ ´¶¤© ¢¯ ¦¹±­ª¤ªµ ­ª´µª¯¨ °§ ­ª§¦¤º¤­¦ ±©¢´¦´. H°¸¦·¦³, ¢´±¦¤µ´ °§ µ©¦´¦
¢³¦ ¢¥¥³¦´´¦¥, §°³ ¦¹¢®±­¦, ª¯ O£«¦¤µª·¦´ ARC2-2, PLT1-6 ¢¯¥ PLT3-3. U±¥¢µ¦´ ¢³¦ ¤°·¦³¦¥ £º µ©¦
¢¥¢±µ¢µª°¯ ±³°«¦¤µª°¯ ¢µ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­. A­­°¸¢£­¦ fi¦­¥ ®°¥ªfi¤¢µª°¯´ ¢³¦ ¤°¯´ª¥¦³¦¥ ª¯
µ©¦ ´¢®¦ ¸¢º; ¶¯¢¶µ©°³ª´¦¥ fi¦­¥ ®°¥ªfi¤¢µª°¯´ ¢³¦ ¤°·¦³¦¥, §°³ ¦¹¢®±­¦, £º O£«¦¤µª·¦´ ARC1-4, PLT1-4
¢¯¥ PLT3-4.
E.1.11 Maintenance
T©ª´ ´¦¤µª°¯ °§ UL4600 ª¯¤­¶¥¦´ ®¢ª¯µ¦¯¢¯¤¦ ¢¯¥ °µ©¦³ ¢´±¦¤µ´ °§ ¯°¯-°±¦³¢µª°¯¢­ ´¢§¦µº. I¯ µ©ª´
¥°¤¶®¦¯µ, ®¢ª¯µ¦¯¢¯¤¦ ª´ ¢¥¥³¦´´¦¥ ·ª¢ O£«¦¤µª·¦´ PLT3-2 ¢¯¥ PLT3-3. Oµ©¦³ ¢´±¦¤µ´ °§ ¯°¯-°±¦³¢µª°¯¢­
´¢§¦µº ¢³¦ ­¦´´ ¦¹±­ª¤ªµ ª¯ µ©ª´ ¥°¤¶®¦¯µ µ©¢¯ ª¯ UL4600: µ©¦º ¢³¦ ¢µ ­¦¢´µ ±¢³µª¢­­º ¢¥¥³¦´´¦¥ £º, §°³
¦¹¢®±­¦, O£«¦¤µª·¦´ PLT1-2, PLT1-4, PLT2-2 ¢¯¥ PLT4-1.
E.1.12 Metrics and Safety Performance Indicators
T©ª´ ´¦¤µª°¯ °§ UL4600 ª´ ®¢ª¯­º ¤°¯¤¦³¯¦¥ ¸ªµ© ¤³¦¢µª¯¨ ¢¯¥®°¯ªµ°³ª¯¨ ±­¢µ§°³®-­¦·¦­ S¢§¦µº P¦³§°³®¢¯¤¦
I¯¥ª¤¢µ°³´ (SPI´I. T©¦ ¯¦¦¥ µ° ¤°¯µª¯¶¢­­º-¥¦®°¯´µ³¢µ¦ ´¢§¦µº ª´ ¯°µ ¢´ ¦¹±­ª¤ªµ ª¯ µ©ª´ ¥°¤¶®¦¯µ ¢´ ªµ ª´ ª¯
UL4600. H°¸¦·¦³, µ©¦ ´¢®¦ ¯°µª°¯ ª´ ¤°¯´ª¥¦³¦¥ £º O£«¦¤µª·¦ PLT1-6, ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬.




























COM2-3 ¢¯¥ COM2-4, ª¯ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­ §³¢®¦¸°³¬.
E.1.13 A´´¦´´®¦¯µ
T©ª´ ´¦¤µª°¯ °§ UL4600 ª´ ¤°¯¤¦³¯¦¥ ¸ªµ© ¢´´¦´´ª¯¨ ¤°¯§°³®¢¯¤¦ µ° UL4600, ª¯¤­¶¥ª¯¨ µ©¦ ¶´¦ °§
ª¯¥¦±¦¯¥¦¯¤¦ ¢¯¥ ®°¯ªµ°³ª¯¨. T©ª´ µº±¦ °§ ¤°¯§°³®¢¯¤¦ ª´ °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©ª´ ¥°¤¶®¦¯µ.
E.2 S¶®®¢³º
T©¦ ±³¦¤¦¥ª¯¨ ¥ª´¤¶´´ª°¯´ ©¢·¦ ±³°·ª¥¦¥ ¢ ©ª¨©-­¦·¦­ ¤°®±¢³ª´°¯ £¦µ¸¦¦¯ ¢ ¥³¢§µ ·¦³´ª°¯ °§ UL4600
(¥¢µ¦¥ 2 O¤µ°£¦³ 2019I {82} ¢¯¥ µ©ª´ ¥°¤¶®¦¯µ. W©ª­´µ µ©¦³¦ ¢³¦ ´°®¦ ª¯µ¦¯µª°¯¢­ ¥ªff¦³¦¯¤¦´ ª¯ ´¤°±¦,











A±±¦¯¥ª¹ F C°®±¢³ª´°¯ ¸ªµ© OECD P³ª¯¤ª±­¦´ °¯ AI
I¯ M¢º 2019, ®¦®£¦³ ¤°¶¯µ³ª¦´ °§ µ©¦ OECD ¢¥°±µ¦¥ ¢ ¯¶®£¦³ °§ ±³ª¯¤ª±­¦´9 °¯ AI. T©ª´ ¢±±¦¯¥ª¹
±³°·ª¥¦´ ¢ ©ª¨©-­¦·¦­ ª¯¥ª¤¢µª°¯ °§ ©°¸ µ©¦ ¤°¯µ¦¯µ´ °§ µ©ª´ ¥°¤¶®¦¯µ ®¢º ´¶±±°³µ µ©¦´¦ ±³ª¯¤ª±­¦´.
I¯ ¨¦¯¦³¢­, AI °¯­º ©¢´ ¢¯ ¦ff¦¤µ ¸©¦¯ ªµ ª´ ¦®£°¥ª¦¥ ¸ªµ©ª¯ ¢ ¸ª¥¦³ ´º´µ¦® (°³ ±­¢µ§°³®I. C°¯´¦²¶¦¯µ­º,
¢­­ µ©³¦¦ §³¢®¦¸°³¬´ ¶´¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ ¢³¦ ±°µ¦¯µª¢­­º ³¦­¦·¢¯µ µ° µ©¦ OECD ±³ª¯¤ª±­¦´. T©¦ §°­­°¸ª¯¨
±¢³¢¨³¢±©´ ª¯¥ª¤¢µ¦ ©°¸ µ©¦ ±³°«¦¤µª°¯´ ¢¯¥, ¸©¦³¦ ³¦­¦·¢¯µ, °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦´¦ §³¢®¦¸°³¬´
³¦­¢µ¦ µ° ¦¢¤© °§ µ©¦ ±³ª¯¤ª±­¦´.
F.1 P³ª¯¤ª±­¦´
F.1.1 AI ´©°¶­¥ £¦¯¦fiµ ±¦°±­¦ ¢¯¥ µ©¦ ±­¢¯¦µ £º ¥³ª·ª¯¨ ª¯¤­¶´ª·¦ ¨³°¸µ©, ´¶´µ¢ª¯¢£­¦
¥¦·¦­°±®¦¯µ ¢¯¥ ¸¦­­-£¦ª¯¨.
T©ª´ ±³ª¯¤ª±­¦ ª´ §°¤¶´¦¥ °¯ µ©¦ ¦ff¦¤µ´ °§ µ©¦ AI. T©ª´ ³¦­¢µ¦´ ®°´µ ¥ª³¦¤µ­º µ° µ©¦ ³¦²¶ª³¦®¦¯µ´ µ©¢µ ¢³¦
±­¢¤¦¥ °¯ µ©¦ £¦©¢·ª°¶³ °§ µ©¦ ¢´´°¤ª¢µ¦¥ ±­¢µ§°³®: µ©ª´ ª´ ¢¥¥³¦´´¦¥ ª¯ µ©¦ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯
±³°«¦¤µª°¯ ¸ªµ©ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬.
F.1.2 AI ´º´µ¦®´ ´©°¶­¥ £¦ ¥¦´ª¨¯¦¥ ª¯ ¢ ¸¢º µ©¢µ ³¦´±¦¤µ´ µ©¦ ³¶­¦ °§ ­¢ ,̧ ©¶®¢¯
³ª¨©µ´, ¥¦®°¤³¢µª¤ ·¢­¶¦´ ¢¯¥ ¥ª·¦³´ªµº, ¢¯¥ µ©¦º ´©°¶­¥ ª¯¤­¶¥¦ ¢±±³°±³ª¢µ¦
´¢§¦¨¶¢³¥´ – §°³ ¦¹¢®±­¦, ¦¯¢£­ª¯¨ ©¶®¢¯ ª¯µ¦³·¦¯µª°¯ ¸©¦³¦ ¯¦¤¦´´¢³º – µ°
¦¯´¶³¦ ¢ §¢ª³ ¢¯¥ «¶´µ ´°¤ª¦µº.
F³°® µ©¦ ±¦³´±¦¤µª·¦ °§ µ©ª´ ¨¶ª¥¢¯¤¦ ¥°¤¶®¦¯µ, µ©¦ “³¶­¦ °§ ­¢¸” ±¢³µ °§ µ©ª´ ±³ª¯¤ª±­¦ ª´ ¦¹±¦¤µ¦¥ µ° £¦
¤°·¦³¦¥ £º ´µ¢¯¥¢³¥ ´º´µ¦®´ ¦¯¨ª¯¦¦³ª¯¨ ±³°¤¦´´. H¦¯¤¦, ªµ ª´ ¯°µ ¥ª³¦¤µ­º ³¦­¢µ¦¥ µ° ¢¯º ±³°«¦¤µª°¯ (°³
°£«¦¤µª·¦I.
T©¦ “©¶®¢¯ ³ª¨©µ´” ¢¯¥ “¥¦®°¤³¢µª¤ ·¢­¶¦´” ±ª¦¤¦´ ¢³¦, ¢³¨¶¢£­º, ¢£°¶µ ±­¢µ§°³®-­¦·¦­ ³¦²¶ª³¦®¦¯µ´: µ©¦´¦
¢³¦ ¤°·¦³¦¥ £º µ©¦ £¦©¢·ª°¶³¢­ ´±¦¤ªfi¤¢µª°¯ ±³°«¦¤µª°¯ ¸ªµ©ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬. I¯¤­¶¥ª¯¨
¢±±³°±³ª¢µ¦ ª¯µ¦³§¢¤¦´ (¦.¨., µ° ´¶±±°³µ ¦¹±­¢¯¢µª°¯ °§ ¢¯ AI-£¢´¦¥ ¥¦¤ª´ª°¯I ®¢º ¢­´° £¦ ³¦­¦·¢¯µ; µ©ª´
³¦­¢µ¦´ µ° O£«¦¤µª·¦ PLT3-2.
I¯ °³¥¦³ §°³ ¢¯ AI µ° ³¦´±¦¤µ ¥ª·¦³´ªµº, µ©ª´ ®¶´µ £¦ ª¯¤­¶¥¦¥ ª¯ µ©¦ ¥¢µ¢ ¶´¦¥ µ° ´¶±±°³µ µ©¦
AI’́ ¥¦·¦­°±®¦¯µ: ¤°¯´ª¥¦³¢µª°¯´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ¦¹±¦³ª¦¯¤¦ ±³°«¦¤µª°¯, ª¯ µ©¦ ¤°®±¶µ¢µª°¯-­¦·¦­
§³¢®¦¸°³¬, ¢³¦ ³¦­¦·¢¯µ ©¦³¦.
T©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ’́ §°¤¶´ °¯ ´¢§¦µº ¢´´¶³¢¯¤¦ ®¦¢¯´ µ©¢µ ´¢§¦¨¶¢³¥´ ¢³¦ ¤°¯´ª¥¦³¦¥ §³°® ®¶­µª±­¦
·ª¦¸±°ª¯µ´. F°³ ¦¹¢®±­¦: O£«¦¤µª·¦´ COM4-2 ¢¯¥ COM5-2 ±³°·ª¥¦ ´¢§¦¨¶¢³¥´ ¢¨¢ª¯´µ ´°§µ¸¢³¦ ¢¯¥
©¢³¥¸¢³¦ ®ª´£¦©¢·ª°¶³; µ©¦ µ°­¦³¢¯¤¦ ±³°«¦¤µª°¯, ª¯ µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬, ±³°·ª¥¦´
´¢§¦¨¶¢³¥´ ¢¨¢ª¯´µ §¢¶­µ´, §¢ª­¶³¦´ ¢¯¥ ¢¥·¦³´¢³ª¢­ ¢µµ¦®±µ´ µ° ¥ª´³¶±µ ¢ ¤°®±¶µ¢µª°¯; O£«¦¤µª·¦ ARC3-2
±³°·ª¥¦´ ´¢§¦¨¶¢³¥´ ¢¨¢ª¯´µ ª¯¢±±³°±³ª¢µ¦ ¢¥¢±µ¢µª°¯; ¢¯¥ O£«¦¤µª·¦ PLT1-4 ±³°·ª¥¦´ ´¢§¦¨¶¢³¥´ ¢¨¢ª¯´µ
§°³¦´¦¦¢£­¦ ®ª´¶´¦ ¢¯¥ ¢£¶´¦.







































F.1.3 T©¦³¦ ´©°¶­¥ £¦ µ³¢¯´±¢³¦¯¤º ¢¯¥ ³¦´±°¯´ª£­¦ ¥ª´¤­°´¶³¦ ¢³°¶¯¥ AI ´º´µ¦®´
µ° ¦¯´¶³¦ µ©¢µ ±¦°±­¦ ¶¯¥¦³´µ¢¯¥ AI-£¢´¦¥ °¶µ¤°®¦´ ¢¯¥ ¤¢¯ ¤©¢­­¦¯¨¦ µ©¦®.
I¯ ¨¦¯¦³¢­, ±¶£­ª´©ª¯¨ ª¯§°³®¢µª°¯ ¢¨¢ª¯´µ µ©¦ °£«¦¤µª·¦´ ­ª´µ¦¥ ª¯ µ©ª´ ¥°¤¶®¦¯µ ¸ª­­ ´¶±±°³µ µ³¢¯´±¢³¦¯¤º
¢¯¥ ³¦´±°¯´ª£­¦ ¥ª´¤­°´¶³¦. T©ª´ ª¯§°³®¢µª°¯ ´©°¶­¥ ¢­´° ¢­­°¸ §°³ ³¦¢´°¯¢£­¦ ¤©¢­­¦¯¨¦. T©ª´ ¤°¶­¥
¢³ª´¦, §°³ ¦¹¢®±­¦, ¢´ ±¢³µ °§ ¢ §°³®¢­ ¤¦³µªfi¤¢µª°¯ ±³°¤¦´´; ¢­µ¦³¯¢µª·¦­º, ªµ ¤°¶­¥ ¤°®¦ §³°® ­¦´´ §°³®¢­
ª¯µ¦³¢¤µª°¯´ ¸ªµ© µ©¦ ¨¦¯¦³¢­ ±¶£­ª¤.
I¯ ¢¥¥ªµª°¯, µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ª¯§°³®¢µª°¯ ±³°·ª´ª°¯ ±³°«¦¤µª°¯, ¸ªµ©ª¯ µ©¦ ¢¶µ°¯°®º
¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬, ´©°¶­¥ ¦¯´¶³¦ µ©¢µ ±¦°±­¦ ¢³¦ ±³°·ª¥¦¥ ¸ªµ© ¢¤¤¶³¢µ¦ ª¯§°³®¢µª°¯.
F¶³µ©¦³®°³¦, µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ±¦°±­¦ ±³°«¦¤µª°¯, ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬, ´©°¶­¥
¦¯´¶³¦ µ©¢µ ¢±±³°±³ª¢µ¦ ª¯§°³®¢µª°¯ ª´ ±³°·ª¥¦¥ ª¯ ¢¯ ª¯µ¦­­ª¨ª£­¦ ®¢¯¯¦³.
F.1.4 AI ´º´µ¦®´ ®¶´µ §¶¯¤µª°¯ ª¯ ¢ ³°£¶´µ, ´¦¤¶³¦ ¢¯¥ ´¢§¦ ¸¢º µ©³°¶¨©°¶µ µ©¦ª³ ­ª§¦
¤º¤­¦´ ¢¯¥ ±°µ¦¯µª¢­ ³ª´¬´ ´©°¶­¥ £¦ ¤°¯µª¯¶¢­­º ¢´´¦´´¦¥ ¢¯¥ ®¢¯¢¨¦¥.
A³¨¶¢£­º, ¢­­ °§ µ©¦ °£«¦¤µª·¦´ ª¯ µ©ª´ ¥°¤¶®¦¯µ ¢³¦ ³¦­¦·¢¯µ µ° µ©ª´ ±³ª¯¤ª±­¦. Pª¤¬ª¯¨ °¶µ ´°®¦ ´±¦¤ªfi¤
¦¹¢®±­¦´: O£«¦¤µª·¦ PLT1-2 ­¦¢¥´ µ° ¢ ¥¦fi¯ªµª°¯ °§ “´¢§¦ °±¦³¢µª°¯”; O£«¦¤µª·¦ PLT1-4 ®¢ª¯µ¢ª¯´ ´¢§¦µº ª¯
µ©¦ ±³¦´¦¯¤¦ °§ §¢¶­µ´ ¢¯¥ §¢ª­¶³¦´, ¢´ ¸¦­­ ¢´ §°³¦´¦¦¢£­¦ ®ª´¶´¦ ¢¯¥ ¢£¶´¦; O£«¦¤µª·¦ PLT1-6 ±³°·ª¥¦´
®°¯ªµ°³ª¯¨ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦ (¦.¨., µ° ª¥¦¯µª§º ¯¦¸ ©¢»¢³¥´, ¢´ ±¢³µ °§ ¤°¯µª¯¶¢­ ¢´´¦´´®¦¯µ ¢¯¥
®¢¯¢¨¦®¦¯µI; O£«¦¤µª·¦ COM1-4 ±³°µ¦¤µ´ ¢¨¢ª¯´µ ¥ª´µ³ª£¶µª°¯ ´©ª§µ; O£«¦¤µª·¦ ARC1-2 ¦¯´¶³¦´ µ©¦
±­¢µ§°³® ª´ µ°­¦³¢¯µ µ° “°¶µ °§ ´¶±±°³µ” °±¦³¢µª°¯¢­ ª¯±¶µ´; O£«¦¤µª·¦ ARC1-4 ±³°µ¦¤µ´ ¢¨¢ª¯´µ ¢¥·¦³´¢³ª¢­
¢µµ¦®±µ´ µ° ¥ª´³¶±µ ¢ ¤°®±¶µ¢µª°¯; O£«¦¤µª·¦ ARC3-1 ±³°µ¦¤µ´ ¢¨¢ª¯´µ ª¯¢±±³°±³ª¢µ¦ °³ ¶¯¢¶µ©°³ª´¦¥
¢¥¢±µ¢µª°¯´; ¢¯¥ µ©¦ ±¦°±­¦ ±³°«¦¤µª°¯, ¸ªµ©ª¯ µ©¦ ±­¢µ§°³®-­¦·¦­ §³¢®¦¸°³¬, ¦¹±­ª¤ªµ­º ¤°·¦³´ µ©¦ ¸©°­¦
´º´µ¦® ­ª§¦¤º¤­¦.
F.1.5 O³¨¢¯ª´¢µª°¯´ ¢¯¥ ª¯¥ª·ª¥¶¢­´ ¥¦·¦­°±ª¯¨, ¥¦±­°ºª¯¨ °³ °±¦³¢µª¯¨ AI ´º´µ¦®´
´©°¶­¥ £¦ ©¦­¥ ¢¤¤°¶¯µ¢£­¦ §°³ µ©¦ª³ ±³°±¦³ §¶¯¤µª°¯ª¯¨ ª¯ ­ª¯¦ ¸ªµ© µ©¦ ¢£°·¦
±³ª¯¤ª±­¦´.
T©ª´ ±³ª¯¤ª±­¦ ª´ ®¢ª¯­º ¤°¯¤¦³¯¦¥ ¸ªµ© µ©¦ ­¦¨¢­ ¢¯¥ ³¦¨¶­¢µ°³º ¦¯·ª³°¯®¦¯µ ¸ªµ©ª¯ ¸©ª¤© AI ´º´µ¦®´ ¢³¦
¶´¦¥. T©¦´¦ ¤°¯´ª¥¦³¢µª°¯´ ¢³¦ ¥¦­ª£¦³¢µ¦­º °¶µ´ª¥¦ µ©¦ ´¤°±¦ °§ µ©¦ ¤¶³³¦¯µ ¥°¤¶®¦¯µ. N¦·¦³µ©¦­¦´´,
³¦²¶ª³ª¯¨ ¤°®±­ª¢¯¤¦ ¸ªµ© µ©¦ °£«¦¤µª·¦´ ª¯ µ©ª´ ¥°¤¶®¦¯µ ®¢º £¦ °¯¦ ¸¢º °§ ©°­¥ª¯¨ µ° ¢¤¤°¶¯µ µ©°´¦











A±±¦¯¥ª¹ G K¯°¸¯ I´´¶¦´
T©ª´ ¢±±¦¯¥ª¹ ±³°·ª¥¦´ ¢ ­ª´µ °§ ¬¯°¸¯ ª´´¶¦´. T©¦´¦ ¢³¦ ªµ¦®´ µ©¢µ ¸¦³¦ ª¥¦¯µªfi¦¥, £¶µ ¯°µ ³¦´°­·¦¥, ¥¶³ª¯¨
µ©¦ ¤³¦¢µª°¯ °§ µ©¦ ¤¶³³¦¯µ ·¦³´ª°¯ °§ µ©ª´ ¥°¤¶®¦¯µ. G¦¯¦³¢­­º ´±¦¢¬ª¯¨, ³¦´°­¶µª°¯ °§ µ©¦´¦ ª´´¶¦´ ¯¦¦¥´ ¢
¨³¦¢µ¦³ ¢®°¶¯µ °§ ¬¯°¸­¦¥¨¦ ¢¯¥ ¦¹±¦³ª¦¯¤¦ µ©¢¯ ª´ ¤¶³³¦¯µ­º ¢·¢ª­¢£­¦. O¤¤¢´ª°¯¢­­º, ³¦´°­¶µª°¯ ³¦²¶ª³¦´
®°³¦ ³¦´°¶³¤¦ µ©¢¯ ¸¢´ ¢·¢ª­¢£­¦ µ° ´¶±±°³µ µ©¦ ±³°¥¶¤µª°¯ °§ µ©ª´ ¥°¤¶®¦¯µ. I¯ ¢­­ ¤¢´¦´, µ©¦ ª´´¶¦ ¸¢´
¥¦¦®¦¥ ´¶ffi¤ª¦¯µ­º ª®±°³µ¢¯µ µ° ¸¢³³¢¯µ ´±¦¤ªfi¤ ¤¢±µ¶³¦ ¢¯¥ µ³¢¤¬ª¯¨.
N°µ¦ µ©¢µ µ©¦ §°­­°¸ª¯¨ ­ª´µ ª´ ¯°µ ª¯µ¦¯¥¦¥ µ° £¦ ¤°®±­¦µ¦.
• T©¦ °£«¦¤µª·¦´ ª¯ µ©ª´ ¥°¤¶®¦¯µ ©¢·¦ £¦¦¯ ¥¦·¦­°±¦¥ ­¢³¨¦­º §³°® ¢ µ©¦°³¦µª¤¢­ £¢´ª´. Eff°³µ´ ©¢·¦
£¦¦¯ ®¢¥¦ µ° ±³°·ª¥¦ ¤°¯fi¥¦¯¤¦ ª¯ µ©¦ °£«¦¤µª·¦´, §°³ ¦¹¢®±­¦, £º ¤°®±¢³ª¯¨ µ©¦® ¸ªµ© ¢ ¯¶®£¦³
°§ ³¦­¢µ¦¥ ¥°¤¶®¦¯µ´. H°¸¦·¦³, µ° ¥¢µ¦, µ©¦ °£«¦¤µª·¦´ ©¢·¦ ¯°µ £¦¦¯ “±³°·¦¯ µ©³°¶¨© ¶´¦”. I¯
±¢³µª¤¶­¢³, µ©¦³¦ ¸°¶­¥ £¦ ´ª¨¯ªfi¤¢¯µ ·¢­¶¦ ª¯ ¤°®±­¦µª¯¨ ´¦·¦³¢­ ¸°³¬¦¥ ¦¹¢®±­¦´.
• Aµ µ©¦ ®°®¦¯µ, µ©¦ ¥°¤¶®¦¯µ ®¢¬¦´ ¯° ¥ª´µª¯¤µª°¯ £¦µ¸¦¦¯ ¥ªff¦³¦¯µ ¤³ªµª¤¢­ªµº ­¦·¦­´, §°³ ¦¹¢®±­¦,
DAL´ °³ SIL´. A´ ¦¹¦®±­ªfi¦¥ £º µ©¦ ­¢´µ °§ µ©¦ “§°¶³ ±­¶´ °¯¦” ´°§µ¸¢³¦ ´¢§¦µº ¢´´¶³¢¯¤¦ ±³ª¯¤ª±­¦´
{42}, ªµ ª´ £¦¯¦fi¤ª¢­ µ° µ¢³¨¦µ ¦ff°³µ µ°¸¢³¥´ ®°³¦ ¤³ªµª¤¢­ ´º´µ¦® ¦­¦®¦¯µ´. I¯ °³¥¦³ µ° ¢¤©ª¦·¦ µ©ª´,
´°®¦ §°³® °§ ¨³¢¥¶¢µª°¯ ª´ ¯¦¤¦´´¢³º. T©ª´ ¤°¶­¥ £¦ ¢¤©ª¦·¦¥ £º ³¦²¶ª³ª¯¨ ¤¦³µ¢ª¯ °£«¦¤µª·¦´ °¯­º
µ° £¦ ¤°®±­¦µ¦¥ ¢µ ©ª¨©¦³ ¤³ªµª¤¢­ªµº ­¦·¦­´. A­µ¦³¯¢µª·¦­º, ©ª¨©¦³ ¤³ªµª¤¢­ªµº ­¦·¦­´ ®¢º ³¦²¶ª³¦ ´°®¦
°£«¦¤µª·¦´ µ° £¦ ¤°®±­¦µ¦¥ ¸ªµ© ª¯¥¦±¦¯¥¦¯¤¦. A¯°µ©¦³ ¢±±³°¢¤© ª¯·°­·¦´ ¢¥¥³¦´´ª¯¨ ¢¯ °£«¦¤µª·¦
®°³¦ µ©°³°¶¨©­º ¢´ µ©¦ ¤³ªµª¤¢­ªµº ­¦·¦­ ª¯¤³¦¢´¦´. Iµ ª´ ¶¯¤­¦¢³ ¸©ª¤© ¤°®£ª¯¢µª°¯ °§ µ©¦´¦ °±µª°¯´ ¸ª­­
£¦ ®°´µ ¢±±³°±³ª¢µ¦ §°³ µ©¦ SASWG’́ ¸°³¬ £¶µ, ¢µ µ©¦ ¤¶³³¦¯µ µª®¦, ªµ ª´ ¤°¯´ª¥¦³¦¥ ­ª¬¦­º µ©¢µ ®°´µ
°£«¦¤µª·¦´ ¸ª­­ ¯¦¦¥ µ° £¦ ´¢µª´fi¦¥, ³¦¨¢³¥­¦´´ °§ ¤³ªµª¤¢­ªµº ­¦·¦­.
• Aµ µ©¦ ®°®¦¯µ, µ©¦ ¥°¤¶®¦¯µ ®¢¬¦´ ­ªµµ­¦ ¥ª´µª¯¤µª°¯ £¦µ¸¦¦¯ ¥ªff¦³¦¯µ µº±¦´ °§ ML ¢±±³°¢¤©. I¯
´°®¦ ¤¢´¦´ µ©ª´ ®¢º £¦ ¤¢±µ¶³¦¥ ª¯ µ©¦ ¥¦µ¢ª­¦¥ ³¦´±°¯´¦ µ° ¢¯ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¢¯ °£«¦¤µª·¦: §°³
¦¹¢®±­¦, O£«¦¤µª·¦ COM3-2 ³¦­¢µ¦´ µ° ±³°µ¦¤µª¯¨ ¢¨¢ª¯´µ µº±ª¤¢­ ¦³³°³´, ¸©ª¤© ¸ª­­ ¥ªff¦³ £¦µ¸¦¦¯
¥ªff¦³¦¯µ µº±¦´ °§ ML ¢±±³°¢¤©. H°¸¦·¦³, µ©¦³¦ ¢³¦ ´¦·¦³¢­ ±­¢¤¦´ ¸©¦³¦ ¢ ®°³¦ ¯¶¢¯¤¦¥ ¢±±³°¢¤©
®¢º £¦ ®°³¦ ·¢­¶¢£­¦. O¯¦ ´¶¤© ¢³¦¢ ª´ µ©¦ ³¦­¢µª°¯´©ª± £¦µ¸¦¦¯ µ©¦ ¢¥¢±µ¢µª°¯ ±³°«¦¤µª°¯
(¥ª´¤¶´´¦¥ ª¯ ´¶£´¦¤µª°¯ 5.3I ¢¯¥ ML ¢±±³°¢¤©¦´ µ©¢µ ¤°¯µª¯¶¦ µ° ­¦¢³¯ ¥¶³ª¯¨ °±¦³¢µª°¯¢­ ¶´¦.
• O£«¦¤µª·¦ COM2-7 ¯°µ¦´ µ©¦ ¥ªff¦³¦¯¤¦ £¦µ¸¦¦¯ ¢­¨°³ªµ©® ª¯´µ¢¯¤¦´, ¸©ª¤© ®¢º ±³°¥¶¤¦
¥ªff¦³¦¯µ ³¦´¶­µ´, ¢¯¥ ¢­¨°³ªµ©® ·¢³ª¢¯µ´, ¸©ª¤© ¢³¦ ¦¹±¦¤µ¦¥ µ° ±³°¥¶¤¦ ¥ªff¦³¦¯µ ³¦´¶­µ´ ª¯ ´°®¦
¤ª³¤¶®´µ¢¯¤¦´. Iµ ª´ ¯°µ ¤­¦¢³ ¢µ ¸©ª¤© ±°ª¯µ ¢¯ ¢­¨°³ªµ©® ¤¦¢´¦´ µ° £¦ ¢ ·¢³ª¢¯µ ¢¯¥ £¦¤°®¦´
´°®¦µ©ª¯¨ µ©¢µ ´©°¶­¥ £¦ ¤°¯´ª¥¦³¦¥ ¢´ ¢¯ ªµ¦® ª¯ ªµ´ °¸¯ ³ª¨©µ. A ¬¦º ¤°¯´ª¥¦³¢µª°¯ ª´ ©°¸ ¦¢´ª­º
´¢§¦µº ¢´´¶³¢¯¤¦ ¦·ª¥¦¯¤¦ ¤¢¯ £¦ µ³¢¯´§¦³³¦¥ £¦µ¸¦¦¯ ªµ¦®´. M°³¦ ¨¦¯¦³¢­­º, µ©ª´ µ°±ª¤ ª´ ³¦­¢µ¦¥ µ°
³¦¶´¦ ¢¯¥ ´°§µ¸¢³¦ ±³°¥¶¤µ ­ª¯¦ ¦¯¨ª¯¦¦³ª¯¨.
• C¶³³¦¯µ­º, µ©¦ ¥°¤¶®¦¯µ ¥°¦´ ¯°µ ±³°·ª¥¦ ®¶¤© ª¯§°³®¢µª°¯ °¯ ª¯µ¦¨³¢µª°¯ °§ S°§µ¸¢³¦ (SWI ¢¯¥
H¢³¥¸¢³¦ (HWI; ¯¦ªµ©¦³ SW-SW ª¯µ¦¨³¢µª°¯ ¯°³ SW-HW ª¯µ¦¨³¢µª°¯ ª´ ¤°¯´ª¥¦³¦¥ ª¯ ¢¯º ¥¦µ¢ª­.
A­µ©°¶¨© µ©¦ °£«¦¤µª·¦´ ¢´´°¤ª¢µ¦¥ ¸ªµ© µ©¦ ¢¶µ°¯°®º ¢³¤©ªµ¦¤µ¶³¦-­¦·¦­ §³¢®¦¸°³¬ ¢³¦ ©¦­±§¶­ ª¯
µ©ª´ ³¦¨¢³¥, µ©ª´ ª´ ¢¯ ¢³¦¢ µ©¢µ ®¢º £¦ ¢¥¥³¦´´¦¥ ª¯ ®°³¦ ¥¦µ¢ª­ ª¯ §¶µ¶³¦ ¦¥ªµª°¯´.
• T©¦ ¥ª´¤¶´´ª°¯ ´¦¤µª°¯ ¢´´°¤ª¢µ¦¥ ¸ªµ© ¦¢¤© °£«¦¤µª·¦ ±³°·ª¥¦´ ´¶¨¨¦´µª°¯´ §°³ ©°¸ µ©¦ °£«¦¤µª·¦ ®¢º
£¦ ¢µ ­¦¢´µ ±¢³µª¢­­º ®¦µ. H°¸¦·¦³, ¢µ µ©¦ ®°®¦¯µ, µ©¦³¦ ¢³¦ ®¢¯º ¤¢´¦´ ¸©¦³¦ ªµ ª´ ¯°µ ¤­¦¢³ ©°¸
£¦´µ µ° ´¢µª´§º ¢¯ °£«¦¤µª·¦ ¢¯¥, ¦²¶¢­­º ª®±°³µ¢¯µ, ©°¸ £¦´µ µ° ¥¦®°¯´µ³¢µ¦ µ©ª´ ´¢µª´§¢¤µª°¯. A ­¢³¨¦³
































AAIP A´´¶³ª¯¨ A¶µ°¯°®º I¯µ¦³¯¢µª°¯¢­ P³°¨³¢®®¦
AD A¶µ°¯°®°¶´ D³ª·¦³
ADS A¶µ°®¢µ¦¥ D³ª·ª¯¨ Sº´µ¦®
AI A³µªfi¤ª¢­ I¯µ¦­­ª¨¦¯¤¦
ANN A³µªfi¤ª¢­ N¦¶³¢­ N¦µ¸°³¬
AS A¶µ°¯°®°¶´ Sº´µ¦®´
BIT B¶ª­µ-I¯ T¦´µ
BOK B°¥º O§ K¯°¸­¦¥¨¦
CM C°¯fi¨¶³¢µª°¯ M¢¯¢¨¦®¦¯µ
CNN C°¯·°­¶µª°¯¢­ N¦¶³¢­ N¦µ¸°³¬
COTS C°®®¦³¤ª¢­ Off-T©¦-S©¦­§
CPU C¦¯µ³¢­ P³°¤¦´´ª¯¨ U¯ªµ
DAL D¦·¦­°±®¦¯µ A´´¶³¢¯¤¦ L¦·¦­
D§T D¦±¢³µ®¦¯µ §°³ T³¢¯´±°³µ
DLOD D¦§¦¯¤¦ Lª¯¦ °§ D¦·¦­°±®¦¯µ
DNN D¦¦± N¦¶³¢­ N¦µ¸°³¬
ECR E¥¨¦ C¢´¦ R¦´¦¢³¤©
FMEA F¢ª­¶³¦ M°¥¦ ¢¯¥ Eff¦¤µ´ A¯¢­º´ª´
FPGA Fª¦­¥ P³°¨³¢®®¢£­¦ G¢µ¦ A³³¢º
FRAM F¶¯¤µª°¯¢­ R¦´°¯¢¯¤¦ A¯¢­º´ª´ M¦µ©°¥
GAN G¦¯¦³¢µª·¦ A¥·¦³´¢³ª¢­ N¦µ¸°³¬
GPU G³¢±©ª¤¢­ P³°¤¦´´ª¯¨ U¯ªµ
GSN G°¢­ Sµ³¶¤µ¶³ª¯¨ N°µ¢µª°¯
HAZOP H¢»¢³¥ ¢¯¥ O±¦³¢£ª­ªµº Sµ¶¥º
HMI H¶®¢¯-M¢¤©ª¯¦ I¯µ¦³§¢¤¦
HW H¢³¥¸¢³¦
ISO I¯µ¦³¯¢µª°¯¢­ O³¨¢¯ª»¢µª°¯ §°³ Sµ¢¯¥¢³¥ª»¢µª°¯
ISSRE I¯µ¦³¯¢µª°¯¢­ Sº®±°´ª¶® °¯ S°§µ¸¢³¦ R¦­ª¢£ª­ªµº E¯¨ª¯¦¦³ª¯¨
MAPE M°¯ªµ°³, A¯¢­º´¦, P­¢¯, E¹¦¤¶µ¦
MC/DC M°¥ªfi¦¥ C°¯¥ªµª°¯ / D¦¤ª´ª°¯ C°·¦³¢¨¦
MEL Mª¯ª®¶® E²¶ª±®¦¯µ Lª´µ
ML M¢¤©ª¯¦ L¦¢³¯ª¯¨























N¢N N°µ ¢ N¶®£¦³
NCSC N¢µª°¯¢­ Cº£¦³ S¦¤¶³ªµº C¦¯µ³¦
NHTSA N¢µª°¯¢­ Hª¨©¸¢º T³¢ffi¤ S¢§¦µº A¥®ª¯ª´µ³¢µª°¯
NN N¦¶³¢­ N¦µ¸°³¬
OECD O³¨¢¯ª´¢µª°¯ §°³ E¤°¯°®ª¤ C°-°±¦³¢µª°¯ ¢¯¥ D¦·¦­°±®¦¯µ
PCA P³ª¯¤ª±¢­ C°®±°¯¦¯µ A¯¢­º´ª´
PDI P¢³¢®¦µ¦³ D¢µ¢ Iµ¦®
PR P³°¤¦´´ R¦²¶ª³¦®¦¯µ
PSH P³°¥¶¤µ S¦³·ª¤¦ Hª´µ°³º
RAM R¢¯¥°® A¤¤¦´´ M¦®°³º
RAS R°£°µª¤´ ¢¯¥ A¶µ°¯°®°¶´ Sº´µ¦®´
REQ ³¦²¶ª³¦®¦¯µ
RL R¦ª¯§°³¤¦®¦¯µ L¦¢³¯ª¯¨
RNN R¦¤¶³³¦¯µ N¦¶³¢­ N¦µ¸°³¬
SASWG S¢§¦µº °§ A¶µ°¯°®°¶´ Sº´µ¦®´ W°³¬ª¯¨ G³°¶±
SCANN S¢§¦µº-C³ªµª¤¢­ A³µªfi¤ª¢­ N¦¶³¢­ N¦µ¸°³¬
SCSC S¢§¦µº C³ªµª¤¢­ Sº´µ¦®´ C­¶£
SEU Sª¯¨­¦ E·¦¯µ U±´¦µ
SIL S¢§¦µº I¯µ¦¨³ªµº L¦·¦­
SMS S¢§¦µº M¢¯¢¨¦®¦¯µ Sº´µ¦®
S°C Sº´µ¦®-°¯-C©ª±
SOTIF S¢§¦µº O§ T©¦ I¯µ¦¯¥¦¥ F¶¯¤µª°¯
SOUP S°§µ¸¢³¦ °§ U¯¤¦³µ¢ª¯ P¦¥ª¨³¦¦
SPI S¢§¦µº P¦³§°³®¢¯¤¦ I¯¥ª¤¢µ°³
SSS S¢§¦µº-¤³ªµª¤¢­ Sº´µ¦®´ Sº®±°´ª¶®
STPA Sº´µ¦®´ T©¦°³¦µª¤ P³°¤¦´´ A¯¢­º´ª´
SUDA S¦¯´¦, U¯¥¦³´µ¢¯¥, D¦¤ª¥¦, A¤µ
SVM S¶±±°³µ V¦¤µ°³ M¢¤©ª¯¦
SW S°§µ¸¢³¦
SW¢P Sª»¦, W¦ª¨©µ ¢¯¥ P°¸¦³
TEVV T¦´µ, E·¢­¶¢µª°¯, V¦³ªfi¤¢µª°¯ ¢¯¥ V¢­ª¥¢µª°¯
TPU T¦¯´°³ P³°¤¦´´ª¯¨ U¯ªµ
TQL T°°­ Q¶¢­ªfi¤¢µª°¯ L¦·¦­






















UCI U¯ª·¦³´ªµº °§ C¢­ª§°³¯ª¢, I³·ª¯¦
UL U¯¥¦³¸³ªµ¦³´ L¢£°³¢µ°³ª¦´
V&V V¦³ªfi¤¢µª°¯ ¢¯¥ V¢­ª¥¢µª°¯
WCET W°³´µ C¢´¦ E¹¦¤¶µª°¯ Tª®¦




























{1} A. ADADI AND M. BERRADA, P¦¦¬ª¯¨ ª¯´ª¥¦ µ©¦ £­¢¤¬-£°¹: A ´¶³·¦º °¯ ¦¹±­¢ª¯¢£­¦ ¢³µªfi¤ª¢­ ª¯µ¦­­ª¨¦¯¤¦ (XAII,
IEEE A¤¤¦´´, 6 (2018I, ±±. 52138–52160.
{2} C. C. AGGARWAL AND S. Y. PHILIP, P³ª·¢¤º-±³¦´¦³·ª¯¨ ¥¢µ¢ ®ª¯ª¯¨: ¢ ´¶³·¦º, ª¯ H¢¯¥£°°¬ °§ ¥¢µ¢£¢´¦
´¦¤¶³ªµº, S±³ª¯¨¦³, 2008, ±±. 431–460.
{3} R. ALEXANDER, H. R. HAWKINS, AND A. J. RAE, Sªµ¶¢µª°¯ ¤°·¦³¢¨¦–¢ ¤°·¦³¢¨¦ ¤³ªµ¦³ª°¯ §°³ µ¦´µª¯¨ ¢¶µ°¯°®°¶´
³°£°µ´, U¯ª·¦³´ªµº °§ Y°³¬, (2015I.
{4} E. ALVES, D. BHATT, B. HALL, K. DRISCOLL, A. MURUGESAN, AND J. RUSHBY, C°¯´ª¥¦³¢µª°¯´ ª¯ ¢´´¶³ª¯¨ ´¢§¦µº
°§ ª¯¤³¦¢´ª¯¨­º ¢¶µ°¯°®°¶´ ´º´µ¦®´, µ¦¤©. ³¦±., NASA, 2018.
{5} A. ANTONIOU, A. STORKEY, AND H. EDWARDS, D¢µ¢ ¢¶¨®¦¯µ¢µª°¯ ¨¦¯¦³¢µª·¦ ¢¥·¦³´¢³ª¢­ ¯¦µ¸°³¬´, ¢³Xª·,
1711.04340 (2017I.
{6} R. ASHMORE, R. CALINESCU, AND C. PATERSON, A´´¶³ª¯¨ µ©¦ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨ ­ª§¦¤º¤­¦: D¦´ª¥¦³¢µ¢, ®¦µ©°¥´,
¢¯¥ ¤©¢­­¦¯¨¦´, ¢³Xª·, 1905.04223 (2019I.
{7} R. ASHMORE AND M. HILL, B°¹ª¯¨ ¤­¦·¦³: P³¢¤µª¤¢­ µ¦¤©¯ª²¶¦´ §°³ ¨¢ª¯ª¯¨ ª¯´ª¨©µ´ ª¯µ° µ³¢ª¯ª¯¨ ¥¢µ¢ ¢¯¥
®°¯ªµ°³ª¯¨ ¥ª´µ³ª£¶µª°¯ ´©ª§µ, ª¯ Fª³´µ I¯µ¦³¯¢µª°¯¢­ W°³¬´©°± °¯ A³µªfi¤ª¢­ I¯µ¦­­ª¨¦¯¤¦ S¢§¦µº E¯¨ª¯¦¦³ª¯¨,
2018.
{8} R. ASHMORE AND E. LENNON, P³°¨³¦´´ µ°¸¢³¥´ µ©¦ ¢´´¶³¢¯¤¦ °§ ¯°¯-µ³¢¥ªµª°¯¢­ ´°§µ¸¢³¦, ª¯ D¦·¦­°±®¦¯µ´
ª¯ Sº´µ¦® S¢§¦µº E¯¨ª¯¦¦³ª¯¨, P³°¤¦¦¥ª¯¨´ °§ µ©¦ T¸¦¯µº-fi§µ© S¢§¦µº-C³ªµª¤¢­ Sº´µ¦®´ Sº®±°´ª¶®,
S¢§¦µº-Cªµª¤¢­ Sº´µ¦®´ C­¶£, 2017. ISBN 978-1540796288.
{9} R. ASHMORE AND B. MADAHAR, R¦µ©ª¯¬ª¯¨ ¥ª·¦³´ªµº ª¯ µ©¦ ¤°¯µ¦¹µ °§ ¢¶µ°¯°®°¶´ ´º´µ¦®´, ª¯
E¯¨ª¯¦¦³ª¯¨ S¢§¦ A¶µ°¯°®º, 27µ© S¢§¦µº-C³ªµª¤¢­ Sº´µ¦®´ Sº®±°´ª¶®, S¢§¦µº-Cªµª¤¢­ Sº´µ¦®´ C­¶£,
2019, ±±. 175–192.
{10} D. BEDFORD, G. MORGAN, AND J. AUSTIN, R¦²¶ª³¦®¦¯µ´ §°³ ¢ ´µ¢¯¥¢³¥ ¤¦³µª§ºª¯¨ µ©¦ ¶´¦ °§ ¢³µªfi¤ª¢­ ¯¦¶³¢­
¯¦µ¸°³¬´ ª¯ ´¢§¦µº ¤³ªµª¤¢­ ¢±±­ª¤¢µª°¯´, ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦ ª¯µ¦³¯¢µª°¯¢­ ¤°¯§¦³¦¯¤¦ °¯ ¢³µªfi¤ª¢­ ¯¦¶³¢­
¯¦µ¸°³¬´, 1996.
{11} R. K. BELLAMY, K. DEY, M. HIND, S. C. HOFFMAN, S. HOUDE, K. KANNAN, P. LOHIA, J. MARTINO, S. MEHTA,
A. MOJSILOVIC, S. NAGAR, K. N. RAMAMURTHY, J. RICHARDS, D. SAHA, P. SATTIGERI, M. SINGH, K. R. VARSHNEY,
AND Y. ZHANG, AI §¢ª³¯¦´´ 360: A¯ ¦¹µ¦¯´ª£­¦ µ°°­¬ªµ §°³ ¥¦µ¦¤µª¯¨, ¶¯¥¦³´µ¢¯¥ª¯¨, ¢¯¥ ®ªµª¨¢µª¯¨ ¶¯¸¢¯µ¦¥
¢­¨°³ªµ©®ª¤ £ª¢´, ¢³Xª·, 1810.01943 (2018I.
{12} J. BIRCH, S¢§¦µº ¢³¨¶®¦¯µ §³¢®¦¸°³¬ ¢¯¥ ¤°¯´ª¥¦³¢µª°¯´ §°³ ©ª¨©­º ¢¶µ°®¢µ¦¥ ·¦©ª¤­¦´. P¦³´°¯¢­
C°®®¶¯ª¤¢µª°¯, S¦±µ¦®£¦³ 2017.
{13} E. BRECK, S. CAI, E. NIELSEN, M. SALIB, AND D. SCULLEY, W©¢µ’́ º°¶³ ML µ¦´µ ´¤°³¦_ A ³¶£³ª¤ §°³ ML
±³°¥¶¤µª°¯ ´º´µ¦®´, ª¯ NIPS W°³¬´©°± °¯ R¦­ª¢£­¦ M¢¤©ª¯¦ L¦¢³¯ª¯¨ ª¯ µ©¦ Wª­¥, 2016.
{14} S. BURTON, L. GAUERHOF, AND C. HEINZEMANN, M¢¬ª¯¨ µ©¦ ¤¢´¦ §°³ ´¢§¦µº °§ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨ ª¯ ©ª¨©­º
¢¶µ°®¢µ¦¥ ¥³ª·ª¯¨, ª¯ I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯ C°®±¶µ¦³ S¢§¦µº, R¦­ª¢£ª­ªµº, ¢¯¥ S¦¤¶³ªµº, S±³ª¯¨¦³,
2017, ±±. 5–16.
{15} CENTRE FOR CONNECTED AND AUTONOMOUS VEHICLES, C°¥¦ °§ ±³¢¤µª¤¦: A¶µ°®¢µ¦¥ ·¦©ª¤­¦ µ³ª¢­­ª¯¨, µ¦¤©.
³¦±., D¦±¢³µ®¦¯µ §°³ T³¢¯´±°³µ, F¦£³¶¢³º 2019.
{16} CERTIFICATION AUTHORITIES SOFTWARE TEAM, G¶ª¥¢¯¤¦ §°³ ¢´´¦´´ª¯¨ µ©¦ ´°§µ¸¢³¦ ¢´±¦¤µ´ °§ ±³°¥¶¤µ ´¦³·ª¤¦
















ES {17} X. CHEN, C. LIU, B. LI, K. LU, AND D. SONG, T¢³¨¦µ¦¥ £¢¤¬¥°°³ ¢µµ¢¤¬´ °¯ ¥¦¦± ­¦¢³¯ª¯¨ ´º´µ¦®´ ¶´ª¯¨ ¥¢µ¢
±°ª´°¯ª¯¨, ¢³Xª·, 1712.05526 (2017I.
{18} C.-H. CHENG, C.-H. HUANG, AND H. YASUOKA, Quantitative projection coverage for testing ML-enabled
autonomous systems, ¢³Xª·, 1805.04333 (2018I.
{19} J. J. CHILENSKI AND S. P. MILLER, Applicability of modified condition/decision coverage to software testing,
S°§µ¸¢³¦ E¯¨ª¯¦¦³ª¯¨ J°¶³¯¢­, 9 (1994I, ±±. 193–200.
{20} P. CHRABASZCZ, I. LOSHCHILOV, AND F. HUTTER, Back to basics: Benchmarking canonical evolution strategies
for playing Atari, ¢³Xª·, 1802.08842 (2018I.
{21} A. CUI AND S. J. STOLFO, Defending embedded systems with software symbiotes, ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦
14µ© I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯ R¦¤¦¯µ A¥·¢¯¤¦´ ª¯ I¯µ³¶´ª°¯ D¦µ¦¤µª°¯, RAID’11, B¦³­ª¯, H¦ª¥¦­£¦³¨,
2011, S±³ª¯¨¦³-V¦³­¢¨, ±±. 358–377.
{22} K. CZARNECKI AND R. SALAY, Towards a framework to manage perceptual uncertainty for safe automated
driving, ª¯ I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯ C°®±¶µ¦³ S¢§¦µº, R¦­ª¢£ª­ªµº, ¢¯¥ S¦¤¶³ªµº, S±³ª¯¨¦³, 2018,
±±. 439–445.
{23} DEPARTMENT FOR TRANSPORT, The Key Principles of Cyber Security for Connected and Automated Vehicles,
HM G°·¦³¯®¦¯µ, 2017.
{24} D. DHEERU AND E. KARRA TANISKIDOU, UCI machine learning repository, 2017.
{25} S. DOGRAMADZI, M. E. GIANNACCINI, C. HARPER, M. SOBHANI, R. WOODMAN, AND J. CHOUNG, Environmental
hazard analysis-a variant of preliminary hazard analysis for autonomous mobile robots, J°¶³¯¢­ °§
I¯µ¦­­ª¨¦¯µ & R°£°µª¤ Sº´µ¦®´, 76 (2014I, ±±. 73–117.
{26} M. DOUTHWAITE AND T. KELLY, Safety-critical software and safety-critical artificial intelligence: Integrating
new practices and new safety concerns for AI systems, ª¯ E·°­¶µª°¯ °§ Sº´µ¦® S¢§¦µº, P³°¤¦¦¥ª¯¨´
°§ µ©¦ T¸¦¯µº-´ª¹µ© S¢§¦µº-C³ªµª¤¢­ Sº´µ¦®´ Sº®±°´ª¶®, S¢§¦µº-C³ªµª¤¢­ Sº´µ¦®´ C­¶£, 2018. ISBN
978-1979733618.
{27} J. DUNJĔ, V. FTHENAKIS, J. A. VÍLCHEZ, AND J. ARNALDOS, Hazard and operability (HAZOP) analysis. a literature
review, J°¶³¯¢­ °§ ©¢»¢³¥°¶´ ®¢µ¦³ª¢­´, 173 (2010I, ±±. 19–32.
{28} EUROPEAN AVIATION SAFETY AGENCY, Certification specifications for aeroplane flight simulation training
devices, µ¦¤©. ³¦±., E¶³°±¦¢¯ A·ª¢µª°¯ S¢§¦µº A¨¦¯¤º, 2012.
{29} FAA, Assurance of multicore processors in airborne systems, T¦¤©. R¦±. DOT/FAA/TC-16/51, FAA, J¶­º 2017.
{30} J. M. FARIA, Non-determinism and failure modes in machine learning, ª¯ 2017 IEEE I¯µ¦³¯¢µª°¯¢­
Sº®±°´ª¶® °¯ S°§µ¸¢³¦ R¦­ª¢£ª­ªµº E¯¨ª¯¦¦³ª¯¨ W°³¬´©°±´ (ISSREWI, IEEE, 2017, ±±. 310–316.
{31} F. M. FAVARē, D. W. JACKSON, J. H. SALEH, AND D. N. MAVRIS, Software contributions to aircraft adverse
events: Case studies and analyses of recurrent accident patterns and failure mechanisms, R¦­ª¢£ª­ªµº
E¯¨ª¯¦¦³ª¯¨ & Sº´µ¦® S¢§¦µº, 113 (2013I, ±±. 131–142.
{32} M. FREDRIKSON, S. JHA, AND T. RISTENPART, Model inversion attacks that exploit confidence information
and basic countermeasures, ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦ 22¯¥ ACM SIGSAC C°¯§¦³¦¯¤¦ °¯ C°®±¶µ¦³ ¢¯¥
C°®®¶¯ª¤¢µª°¯´ S¦¤¶³ªµº, ACM, 2015, ±±. 1322–1333.
{33} J. GARCIA AND F. FERNĂNDEZ, A comprehensive survey on safe reinforcement learning, J°¶³¯¢­ °§ M¢¤©ª¯¦
L¦¢³¯ª¯¨ R¦´¦¢³¤©, 16 (2015I, ±±. 1437–1480.
{34} T. GEBRU, J. MORGENSTERN, B. VECCHIONE, J. W. VAUGHAN, H. WALLACH, H. DAUMEĊ III, AND K. CRAWFORD,















ES{35} J. GILMER, L. METZ, F. FAGHRI, S. S. SCHOENHOLZ, M. RAGHU, M. WATTENBERG, AND I. GOODFELLOW,
A¥·¦³´¢³ª¢­ ´±©¦³¦´, ¢³Xª·, 1801.02774·2 (2018I.
{36} I. J. GOODFELLOW, J. SHLENS, AND C. SZEGEDY, E¹±­¢ª¯ª¯¨ ¢¯¥ ©¢³¯¦´´ª¯¨ ¢¥·¦³´¢³ª¢­ ¦¹¢®±­¦´, ª¯
P³°¤¦¦¥ª¯¨´ °§ µ©¦ 3³¥ I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯ L¦¢³¯ª¯¨ R¦±³¦´¦¯µ¢µª°¯´, 2015.
{37} T. GU, B. DOLAN-GAVITT, AND S. GARG, B¢¥¯¦µ´: I¥¦¯µª§ºª¯¨ ·¶­¯¦³¢£ª­ªµª¦´ ª¯ µ©¦ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨ ®°¥¦­
´¶±±­º ¤©¢ª¯, ¢³Xª·, 1708.06733 (2017I.
{38} R. GUIDOTTI, A. MONREALE, S. RUGGIERI, F. TURINI, F. GIANNOTTI, AND D. PEDRESCHI, A ´¶³·¦º °§ ®¦µ©°¥´
§°³ ¦¹±­¢ª¯ª¯¨ £­¢¤¬ £°¹ ®°¥¦­´, ACM C°®±¶µª¯¨ S¶³·¦º´ (CSURI, 51 (2018I, ±. 93.
{39} G. HAIXIANG, L. YIJING, J. SHANG, G. MINGYUN, H. YUANYUE, AND G. BING, L¦¢³¯ª¯¨ §³°® ¤­¢´´-ª®£¢­¢¯¤¦¥
¥¢µ¢: Review of methods and applications, E¹±¦³µ Sº´µ¦®´ ¸ªµ© A±±­ª¤¢µª°¯´, 73 (2017I, ±±. 220–239.
{40} B. HAMNER, Machine learning gremlins. P³¦´¦¯µ¦¥ ¢µ µ©¦ 2014 O’R¦ª­­º Sµ³¢µ¢ D¢µ¢ C°¯§¦³¦¯¤¦ ª¯ S¢¯µ¢
C­¢³¢, 2014.
{41} R. HAWKINS, Body of knowledge - structure and scope, µ¦¤©. ³¦±., A´´¶³ª¯¨ A¶µ°¯°®º I¯µ¦³¯¢µª°¯¢­
P³°¨³¢®®¦, A±³ª­ 2019.
{42} R. HAWKINS, I. HABLI, AND T. KELLY, The principles of software safety assurance, 31´µ I¯µ¦³¯¢µª°¯¢­ Sº´µ¦®
S¢§¦µº C°¯§¦³¦¯¤¦, B°´µ°¯, M¢´´¢¤©¶´¦µµ´ USA, (2013I.
{43} L. A. HENDRICKS, Z. AKATA, M. ROHRBACH, J. DONAHUE, B. SCHIELE, AND T. DARRELL, Generating visual
explanations, ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦ 14µ© E¶³°±¦¢¯ C°¯§¦³¦¯¤¦ °¯ C°®±¶µ¦³ Vª´ª°¯, 2016, ±. 3–19.
{44} S. HOLLAND, A. HOSNY, S. NEWMAN, J. JOSEPH, AND K. CHMIELINSKI, The dataset nutrition label: A framework
to drive higher data quality standards, ¢³Xª·, 1805.03677 (2018I.
{45} E. HOLLNAGEL, FRAM: the functional resonance analysis method: modelling complex socio-technical
systems, CRC P³¦´´, 2017.
{46} T. ISHIMATSU, N. G. LEVESON, J. P. THOMAS, C. H. FLEMING, M. KATAHIRA, Y. MIYAMOTO, R. UJIIE, H. NAKAO,
AND N. HOSHINO, Hazard analysis of complex spacecraft using systems-theoretic process analysis, J°¶³¯¢­
°§ S±¢¤¦¤³¢§µ ¢¯¥ R°¤¬¦µ´, 51 (2014I, ±±. 509–522.
{47} ISO, Road vehicles - functional safety, T¦¤©. R¦±. ISO 26262, ISO, 2011.
{48} N. JOHNSON AND T. KELLY, Safety-security assurance framework (SSAF) in practice, 2018.
{49} C. JONES, R. BLOOMFIELD, P. FROOME, AND P. BISHOP, Methods for Assessing the Safety Integrity of
Safety-related Software of Uncertain Pedigree (SOUP)., HSE B°°¬´, 2001.
{50} M. KARDOS AND P. DEXTER, A simple handbook for non-traditional red teaming, µ¦¤©. ³¦±., D¦§¦¯¤¦ S¤ª¦¯¤¦
¢¯¥ T¦¤©¯°­°¨º G³°¶± E¥ª¯£¶³¨©, SA, 2017.
{51} J. Z. KOLTER AND E. WONG, Provable defenses against adversarial examples via the convex outer adversarial
polytope, ¢³Xª·, (2017I.
{52} A. KRIZHEVSKY, I. SUTSKEVER, AND G. E. HINTON, Imagenet classification with deep convolutional neural
networks, ª¯ A¥·¢¯¤¦´ ª¯ ¯¦¶³¢­ ª¯§°³®¢µª°¯ ±³°¤¦´´ª¯¨ ´º´µ¦®´, 2012, ±±. 1097–1105.
{53} J. LEMLEY, F. JAGODZINSKI, AND R. ANDONIE, Big holes in big data: A Monte Carlo algorithm for detecting large


















ES {54} Z. C. LIPTON, K. AZIZZADENESHELI, A. KUMAR, L. LI, J. GAO, AND L. DENG, C°®£¢µª¯¨ ³¦ª¯§°³¤¦®¦¯µ ­¦¢³¯ª¯¨’́
´ª´º±©¦¢¯ ¤¶³´¦ ¸ªµ© ª¯µ³ª¯´ª¤ §¦¢³, ¢³Xª·, 1611.01211 (2016I.
{55} V. LĔPEZ, A. FERNĂNDEZ, S. GARCÍA, ET AL., A¯ ª¯´ª¨©µ ª¯µ° ¤­¢´´ªfi¤¢µª°¯ ¸ªµ© ª®£¢­¢¯¤¦¥ ¥¢µ¢: E®±ª³ª¤¢­
³¦´¶­µ´ ¢¯¥ ¤¶³³¦¯µ µ³¦¯¥´ °¯ ¶´ª¯¨ ¥¢µ¢ ª¯µ³ª¯´ª¤ ¤©¢³¢¤µ¦³ª´µª¤´, I¯§°³®¢µª°¯ S¤ª¦¯¤¦´, 250 (2013I,
±±. 113–141.
{56} S. MA, Y. LIU, G. TAO, W.-C. LEE, AND X. ZHANG, Nª¤: D¦µ¦¤µª¯¨ ¢¥·¦³´¢³ª¢­ ´¢®±­¦´ ¸ªµ© ¯¦¶³¢­ ¯¦µ¸°³¬
ª¯·¢³ª¢¯µ ¤©¦¤¬ª¯¨, ª¯ NDSS, 2019.
{57} G. MASON, R. CALINESCU, D. KUDENKO, AND A. BANKS, A´´¶³¦¥ Reinforcement Learning with Formally
Verified Abstract Policies, 2017.
{58} C. MENON AND R. ALEXANDER, A safety-case approach to ethical considerations for autonomous vehicles, ª¯
P³°¤¦¦¥ª¯¨´ °§ µ©¦ 12 IET I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯ Sº´µ¦® S¢§¦µº ¢¯¥ Cº£¦³ S¦¤¶³ªµº, IET, 2017.
{59} MOD, How defence works, T¦¤©. R¦±. ·4.2, MOD, 2015.
{60} A. S. MORCOS, D. G. T. BARRETT, N. C. RABINOWITZ, AND M. BOTVINICK, On the importance of single
directions for generalization, ¢³Xª·, 1803.06959 (2018I.
{61} J. G. MORENO-TORRES, T. RAEDER, R. ALAIZ-RODRIGUEZ, N. V. CHAWLA, AND F. HERRERA, A unifying view on
dataset shift in classification, P¢µµ¦³¯ R¦¤°¨¯ªµª°¯, 45 (2012I, ±. 521–530.
{62} NATS, NATS system failure 12 December 2014 - final report, µ¦¤©. ³¦±., NATS I¯¥¦±¦¯¥¦¯µ E¯²¶ª³º P¢¯¦­,
2015.
{63} A. ODENA AND I. GOODFELLOW, TensorFuzz: Debugging neural networks with coverage-guided fuzzing, ¢³Xª·,
1807.10875 (2018I.
{64} K. POHL AND A. METZGER, Software product line testing, C°®®¶¯ª¤¢µª°¯´ °§ µ©¦ ACM, 49 (2006I,
±±. 78–81.
{65} D. POWELL, J. ARLAT, Y. DESWARTE, AND K. KANOUN, Tolerance of design faults, ª¯ D¦±¦¯¥¢£­¦ ¢¯¥ Hª´µ°³ª¤
C°®±¶µª¯¨, S±³ª¯¨¦³, 2011, ±±. 428–452.
{66} S. RABANSER, S. GĝNNEMANN, AND Z. C. LIPTON, Failing loudly: An empirical study of methods for detecting
dataset shift, ¢³Xª·, 1810.11953 (2018I.
{67} M. T. RIBEIRO, S. SINGH, AND C. GUESTRIN, Why should I trust you?: Explaining the predictions of any
classifier, ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦ 22¯¥ ACM SIGKDD I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯ K¯°¸­¦¥¨¦ Dª´¤°·¦³º
¢¯¥ D¢µ¢ Mª¯ª¯¨, ACM, 2016, ±±. 1135–1144.
{68} RTCA, Design assurance guidance for airborne electronic hardware, T¦¤©. R¦±. DO-254, RTCA, A±³ª­ 2000.
{69} , Software considerations in airborne systems and equipment certification, T¦¤©. R¦±. DO-178C, RTCA,
D¦¤¦®£¦³ 2011.
{70} , Software tool qualification considerations, T¦¤©. R¦±. DO-331, RTCA, D¦¤¦®£¦³ 2011.
{71} , Airworthiness security process specification, T¦¤©. R¦±. DO-326A, RTCA, A¶¨¶´µ 2014.
{72} R. SALAY AND K. CZARNECKI, Using machine learning safely in automotive software: An assessment and
adaption of software process requirements in iso 26262, ¢³Xª·, 1808.01614 (2018I.
{73} R. G. SARGENT, Verification and validation of simulation models, ª¯ Sª®¶­¢µª°¯ C°¯§¦³¦¯¤¦ (WSCI,
















ES{74} C. SCHORN, A. GUNTORO, AND G. ASCHEID, Effi¤ª¦¯µ °¯-­ª¯¦ ¦³³°³ ¥¦µ¦¤µª°¯ ¢¯¥ ®ªµª¨¢µª°¯ §°³ ¥¦¦±
¯¦¶³¢­ ¯¦µ¸°³¬ ¢¤¤¦­¦³¢µ°³´, ª¯ I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯ C°®±¶µ¦³ S¢§¦µº, R¦­ª¢£ª­ªµº, ¢¯¥ S¦¤¶³ªµº,
S±³ª¯¨¦³, 2018, ±±. 205–219.
{75} S. SRISAKAOKUL, Z. WU, A. ASTORGA, O. ALEBIOSU, AND T. XIE,M¶­µª±­¦-ª®±­¦®¦¯µ¢µª°¯ µ¦´µª¯¨ °§ ´¶±¦³·ª´¦¥
­¦¢³¯ª¯¨ ´°§µ¸¢³¦, ª¯ P³°¤. AAAI-18 W°³¬´©°± °¯ E¯¨ª¯¦¦³ª¯¨ D¦±¦¯¥¢£­¦ ¢¯¥ S¦¤¶³¦ M¢¤©ª¯¦
L¦¢³¯ª¯¨ Sº´µ¦®´ (EDSMLSI, 2018.
{76} N. SRIVASTAVA, G. HINTON, A. KRIZHEVSKY, I. SUTSKEVER, AND R. SALAKHUTDINOV, D³°±°¶µ: ¢ ´ª®±­¦
¸¢º µ° ±³¦·¦¯µ ¯¦¶³¢­ ¯¦µ¸°³¬´ §³°® °·¦³fiµµª¯¨, T©¦ J°¶³¯¢­ °§ M¢¤©ª¯¦ L¦¢³¯ª¯¨ R¦´¦¢³¤©, 15 (2014I,
±±. 1929–1958.
{77} Y. SUN, M. WU, W. RUAN, X. HUANG, M. KWIATKOWSKA, AND D. KROENING, C°¯¤°­ª¤ µ¦´µª¯¨ §°³ ¥¦¦± ¯¦¶³¢­
¯¦µ¸°³¬´, ¢³Xª·, 1805.00089 (2018I.
{78} C. SZEGEDY, W. ZAREMBA, I. SUTSKEVER, J. BRUNA, D. ERHAN, I. GOODFELLOW, AND R. FERGUS, I¯µ³ª¨¶ª¯¨
±³°±¦³µª¦´ °§ ¯¦¶³¢­ ¯¦µ¸°³¬´, ¢³Xª·, 1312.6199 (2013I.
{79} THE DATA SAFETY INITIATIVE WORKING GROUP, D¢µ¢ S¢§¦µº G¶ª¥¢¯¤¦, ¯°. ·3.1, S¢§¦µº-C³ªµª¤¢­ Sº´µ¦®´
C­¶£, 2019. SCSC-127D.
{80} F. TRAMĉR, F. ZHANG, A. JUELS, M. K. REITER, AND T. RISTENPART, Sµ¦¢­ª¯¨ ®¢¤©ª¯¦ ­¦¢³¯ª¯¨ ®°¥¦­´ ·ª¢
±³¦¥ª¤µª°¯ ¢±ª´, ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦ 25µ© USENIX S¦¤¶³ªµº Sº®±°´ª¶®, 2016, ±. 601–618. O.
{81} J. W. TUKEY, E¹±­°³¢µ°³º ¥¢µ¢ ¢¯¢­º´ª´, ·°­. 2, R¦¢¥ª¯¨, M¢´´., 1977.
{82} UNDERWRITERS LABORATORIES, T©¦ ´µ¢¯¥¢³¥ §°³ ´¢§¦µº §°³ µ©¦ ¦·¢­¶¢µª°¯ °§ ¢¶µ°¯°®°¶´ ±³°¥¶¤µ´, µ¦¤©.
³¦±., U¯¥¦³¸³ªµ¦³´ L¢£°³¢µ°³ª¦´, E¥¨¦ C¢´¦ R¦´¦¢³¤©, O¤µ°£¦³ 2019.
{83} S. WACHTER, B. MITTELSTADT, AND C. RUSSELL, C°¶¯µ¦³§¢¤µ¶¢­ ¦¹±­¢¯¢µª°¯´ ¸ªµ©°¶µ °±¦¯ª¯¨ µ©¦ £­¢¤¬ £°¹:
A¶µ°®¢µ¦¥ ¥¦¤ª´ª°¯´ ¢¯¥ µ©¦ ¨¥±³, ¢³Xª·, 1711.00399 (2017I.
{84} K. WAGSTAFF, M¢¤©ª¯¦ ­¦¢³¯ª¯¨ µ©¢µ ®¢µµ¦³´, ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦ 29µ© I¯µ¦³¯¢µª°¯¢­ C°¯§¦³¦¯¤¦ °¯
M¢¤©ª¯¦ L¦¢³¯ª¯¨, 2012, 2012, ±±. 529–536.
{85} G. M. WEISS, Mª¯ª¯¨ ¸ªµ© ³¢³ªµº: A ¶¯ª§ºª¯¨ §³¢®¦¸°³¬, ACM Sª¨¬¥¥ E¹±­°³¢µª°¯´ N¦¸´­¦µµ¦³, 6 (2004I,
±±. 7–19.
{86} T.-W. WENG, P.-Y. CHEN, L. M. NGUYEN, M. S. SQUILLANTE, I. OSELEDETS, AND L. DANIEL, P³°·¦¯: C¦³µª§ºª¯¨
³°£¶´µ¯¦´´ °§ ¯¦¶³¢­ ¯¦µ¸°³¬´ ¸ªµ© ¢ ±³°£¢£ª­ª´µª¤ ¢±±³°¢¤©, ¢³Xª· ±³¦±³ª¯µ ¢³Xª·:1812.08329, (2018I.
{87} Y. YANG, M. HE, M. LI, Q. WANG, AND B. BOEHM, P©¢´¦ ¥ª´µ³ª£¶µª°¯ °§ ´°§µ¸¢³¦ ¥¦·¦­°±®¦¯µ ¦ff°³µ, ª¯
P³°¤¦¦¥ª¯¨´ °§ µ©¦ S¦¤°¯¥ ACM-IEEE I¯µ¦³¯¢µª°¯¢­ Sº®±°´ª¶® °¯ E®±ª³ª¤¢­ S°§µ¸¢³¦ E¯¨ª¯¦¦³ª¯¨
¢¯¥ M¦¢´¶³¦®¦¯µ, ESEM ’08, N¦¸ Y°³¬, NY, USA, 2008, ACM, ±±. 61–69.
{88} Y. ZHANG, Y. CHEN, S.-C. CHEUNG, Y. XIONG, AND L. ZHANG, A¯ ¦®±ª³ª¤¢­ ´µ¶¥º °¯ µ¦¯´°³fl°¸ ±³°¨³¢® £¶¨´,
ª¯ P³°¤¦¦¥ª¯¨´ °§ µ©¦ 27µ© ACM SIGSOFT I¯µ¦³¯¢µª°¯¢­ Sº®±°´ª¶® °¯ S°§µ¸¢³¦ T¦´µª¯¨ ¢¯¥ A¯¢­º´ª´,






























T©ª´ ¥°¤¶®¦¯µ ©¢´ ©¢¥ µ©¦ £¦¯¦fiµ °§ ¤°¯µ³ª£¶µª°¯´ §³°® ¢ ­¢³¨¦ ¯¶®£¦³ °§ ±¦°±­¦, ¸©° ¸°³¬ §°³ ¢
·¢³ª¦µº °§ °³¨¢¯ª´¢µª°¯´, ¸©ª¤© ¤°­­¦¤µª·¦­º ´±¢¯ ¢ ³¢¯¨¦ °§ ¥ªff¦³¦¯µ ´¦¤µ°³´. N°µ¦ µ©¢µ ¤°¯µ³ª£¶µª°¯´ ©¢·¦
£¦¦¯ ®¢¥¦ °¯ ¢¯ ª¯¥ª·ª¥¶¢­ £¢´ª´ ¢¯¥, ª¯ ±¢³µª¤¶­¢³, µ©¦ ª¯¤­¶´ª°¯ °§ ¢¯ ª¯¥ª·ª¥¶¢­ °³ °³¨¢¯ª´¢µª°¯ ª¯ µ©¦
§°­­°¸ª¯¨ ­ª´µ ¥°¦´ ¯°µ ¯¦¤¦´´¢³ª­º ®¦¢¯ µ©¢µ ª¯¥ª·ª¥¶¢­ °³ °³¨¢¯ª´¢µª°¯ ¢¨³¦¦´ ¸ªµ© µ©¦ ¦¯µª³¦ ¤°¯µ¦¯µ´ °§
µ©¦ ¥°¤¶®¦¯µ.
C°¯µ³ª£¶µ°³´ µ° µ©¦ ¤¶³³¦¯µ ·¦³´ª°¯ ª¯¤­¶¥¦:
• R°£ A­¦¹¢¯¥¦³, U¯ª·¦³´ªµº °§ Y°³¬
• H¢®ª¥ A´¨¢³ª, T©¢­¦´ UK
• R°£ A´©®°³¦, D´µ­
• A¯¥³¦¸ B¢¯¬´, LDRA
• R¢«ª· B°¯¨ª³¸¢³, H¦®³¢« C°¯´¶­µ¢¯µ´
• B¦¯ B³¢¥´©¢ ,̧ ZF
• J°©¯ B³¢¨¨, MBDA UK Lµ¥.
• J°©¯ C­¦¨¨, I¯¥¦±¦¯¥¦¯µ (¦¹-Qª¯¦µªQI
• J¢¯¦ F¦¯¯, BAE Sº´µ¦®´
• C©³ª´ H¢³±¦³, U¯ª·¦³´ªµº °§ µ©¦ W¦´µ °§ E¯¨­¢¯¥
• D¢·ª¥ H¢³·¦º, T©¢­¦´ UK
• Nª¬ªµ¢ J°©¯´°¯, U¯ª·¦³´ªµº °§ Y°³¬
• C¢µ©¦³ª¯¦ M¦¯°¯, U¯ª·¦³´ªµº °§ H¦³µ§°³¥´©ª³¦
• R°¨¦³ Rª·¦µµ, I¯¥¦±¦¯¥¦¯µ (¦¹-J¢¨¶¢³ L¢¯¥ R°·¦³I
• P©ª­ª±±¢ Rº¢¯, A¥¦­¢³¥ LLP
• M¢³¬ S¶«¢¯, H¶®¢¯ R¦­ª¢£ª­ªµº
• Nª¤¬ T¶¥°³, D-Rª´Q
• Sµ¶¢³µ T¶´©ª¯¨©¢®, A­µ³¢¯
C°¯µ³ª£¶µ°³´ µ° µ©¦ ±³¦·ª°¶´ ·¦³´ª°¯´ ª¯¤­¶¥¦:
• R°£ A­¦¹¢¯¥¦³, U¯ª·¦³´ªµº °§ Y°³¬
• R°£ A´©®°³¦, D´µ­
• A¯¥³¦¸ B¢¯¬´, LDRA
• J°©¯ Bª³¤©, H°³ª£¢-MIRA
• B¦¯ B³¢¥´©¢ ,̧ ZF





















• L¢·ª¯ª¢ B¶³´¬ª, AECOM
• J°©¯ C­¦¨¨, I¯¥¦±¦¯¥¦¯µ (¦¹-Qª¯¦µªQI
• Tª®°µ©º C°­¦º, XPI Sª®¶­¢µª°¯
• C©³ª´ H¢³±¦³, Aµ¬ª¯´
• N¦ª­ L¦¸ª´, Dº´°¯
• C¢µ©¦³ª¯¦ M¦¯°¯, U¯ª·¦³´ªµº °§ H¦³µ§°³¥´©ª³¦
• K¦¯ N¦¢­, E£¦¯ª
• A´©­¦º P³ª¤¦, R¢ºµ©¦°¯
• Sµ¶¢³µ R¦ª¥, STA C°¯´¶­µª¯¨
• R°¨¦³ Rª·¦µµ, J¢¨¶¢³ L¢¯¥ R°·¦³
• P©ª­ª±±¢ Rº¢¯, A¥¦­¢³¥ LLP
• A­¢¯ Sª®±´°¯, E£¦¯ª
• R°¥ Sµ¦¦­, T©¢­¦´
• Nª¤¬ T¶¥°³, D-Rª´Q
• Sµ¶¢³µ T¶´©ª¯¨©¢®, A­µ³¢¯
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